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ASSSMBUNG AN ENGINE IjATHE* 

Wbile tbe problems encountered In assembling engine lathes are 
not as dlfflcuic of solution as those met with In assemblins macbtne 
tools of a more complicated nature, thorough and careful consldeTatlon 
of the methods employed Is essential in order to minimize the cost. 
The most Important operations Involved are the scraping ol tbe bed 
and carriage and the lining up of the head- and tall-stock. To a large 
extent the cost of these operations is dependent on the accuracy ot the 
machine work. 

It is the object of tbe present chapter to discuss the methods employed 
In mai^hming. and to illustrate and describe the erecting process on the 
bed- The principles involved in asaembllng the units have been fully 
ontlined In Fart I of this treatise. (Macbi>'ebt'8 Reference Series 
No. BO.) For the purpose of giving a concrete example, a 24-lnch 
engine lathe with quick-change gear device is selected, the general 
features of which are shown In Fig. 1. 

Planing the Bed and Caniaff« 
The practice of some makers to rough out the surfaces to be planed 
OQ the bed and carriage, and allow them to season before talcing the 
finishing cuts is indicative of the modern tendency toward accurate 
machine work as a means to avoid unnecessary scraping. The season- 
ing process simply consists in letting the casting stand in soma con- 
Tenient place In such a way that It will not be subjected to any outside 
forces, and allowing the stresses in the casting Itself to become equal- 
Next In importance to providing accurate planers on which to ma- 
chine the bed and carriage, Is the necessity for gages that will enable 
Interchangeable work to be produced. The gages shown in Fig. 2 are 
particularly well adapted to this class of work, and are tar saperlor to 
the common type having a bearing on both sides of each V. Feelers 
or thickness gages are used in connection with the gages illustrated, 
in order to measure the amount of error. The advantages this form 
possesses over tbe common type are that the V's on the casting being 
fitted will both be of the same width, and no dlfflcnlty is experienced 
in keeping the gage level, since it always lies In a b'orlzontal plane by 
resting on the top of each V. At A and B are shown gages for the t>ed 
and carriage respectively; these gages are made of steel V* Inch thick. 
Assuming, tor example, that the V-surface on the bed at C is tight 
to the gage, and a 0.002 Inch feeler will Just pass between the bed and 
the gage at D, then 0.002 is the exact amount that must be planed olf 
tbe surface 0. When these two surfaces fit the gage so that no error 
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ASSEMBLING AN ENGINE LATHE 6 

can be detected with a 0.001 feeler, tbe gage 1b turned end for end, and 
the surfaces E and f are tested in tbe same manner. It is, of courae, 
necesaaiy to set tbe gage square wltb tbe bed and this Is accomplished 
b7 trying the feelers on both sides of the gage. The same remarks ap- 
ply to the carriage gage B. At O and H la the same engraving are 
shown gages in tbe form of cast-iron blocks about 6 Inches long which 
are used tor testing the ways on bed and carriage as Indicated; J Is a 
sheet steel strip fastened to one end of gage H and this U used to test 
the apron seat J. All other measurements are tested with ordinary 
height blocks or caliper gages, as tbe case may require. 

Referring now to tbe carriage, the sequence of operations in finish 
planing It Is to plane the bearing for tbe shoe, and square up the ends, 
and then turn It over In tbe position shown In the engraving and plane 
the Ve and other surfaces on tbls side. It Is good practice to plane 
lathe carriages of this size In lots of slxl at a time by placing them fn 




a "string" on the planer table. When completing the final operation, 
that of planing the Vs, It is evident, however, that the carriages far- 
thest away from tbe angle plate by which tbey are squared up, are 
particularly liable to error. With careful setting up, this error should 
not exceed 0.003 inch, which is easily and quickly scraped oS by tbe 
assemblers. 

Machining the Head- and Tall-stook 
The methods of machining head- and tall-stocks vary greatly in dif- 
ferent shops, and also with dllterent slies. Some makers first finish 
all the planing and then perform tbe boring operations and scrape in 
the bead-stock spindle, while others leave a fintihiag cut to be taken 
on the bottom of the head- and tall-stock after tbe boring and scraping 
are completed, by setting up the castings on arbors held In V-blocks 
on tbe planer table. Both systems, or modlflcatlons of both, are fre- 
quently osed In the same shop. While the first-mentioned system Is 
the most economical In that It saves setting up the work on the planer 
twice, It Is essential that the machining be such that very little scrap- 
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ing Is lequlred on tbe bead-stock boxes; otberwise the bead-stock will 
be tbrown out of line in fitting the spindle, which necessitates replanlng 
the bead-stock and possibly the tall-atock. 

In anr event, it will always pay to leave 1/16 inch stock to be bored 
out of the bearing boxes, bo that after the boxes are fitted in the bead- 
stock It can be replaced In the boring Jig and a finishing cut taken in 
the boxes, allowing 0.005 Incb to be reamed out. Adjustable shell 
reamers are mounted on tbe boring bar for this purpose. When this 
precaution is taken, and the spindle la accurately ground to size, very 
little scraping sbould be necessary to make a good bearing. Tbe ob- 
ject of leaving tbe 1/16 Incb to be bored out with a cutter before ream- 
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ing. Is to insure that tbe reamer has an even cut and that sufilclent 
stock 1b left for reaming. 

Boring: and Drilling the Bed 
When all tbe planing U flniebed on the bed, it Is next sent to tbe 
drilling department where the first operation consists In boring the 
Bhatt holes for the tumbler niecbanism shown in Fig. 3. This operation 
is performed on a horizontal drilling and boring machine with the 
aid of a Jig wblcb also locates tbe sweep clamping bolt bole. The 
shafts A and B run in long cast-Iron busblngs that are a light drive 
fit in tbe bed, and to provide for standardization and enable tbe bush- 
ings to be flnlsbed In large quantities, the holes In tbe bed are reamed 
to gage, adjustable shell reamers being mounted in tbe boring bar 
for this purpose. The bole for stud C is drilled and then finished with 
a rose reamer, after which It Is hand reamed to gage. This bole and 
tbe sweep clamping bolt hole are the only ones tbat require facing, the 
method of taking the measurements being apparent from Fig, 4; A 
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is a Bbeet-iron templet having an outline indicated by the heavy line; 
the opening at B locates the surface to which the stud boss Is faced, 
while at C is shown whether there Is sufflclent clearance cored out for 
a feed gear. The templet is located sldewlse by the spline D which Is 
riveted to the templet and Qts the keyway in the bed; and endwise by 
being brought flush with the end of the bed. When in this position 
lines are scribed at B and C, after which the templet Is removed and 
the hole counterbored to the line; is cbipped out later on if neces- 

To locate the surface E for ttie sweep clamping bolt bole, the gage 
F Is used, its construction being clearly shown In Fig. 4, All lateral 
measurements on the bed are taken from tbe surface B. Facing surface 
E completes tbe operations for this setting, and the bed is then moved 
around for drilling and tapping tbe lead-screw box bolt boles. 




In Fig. 12, A and B are Jigs for drilling the front and rear lead-screw 
box floats, respectively. As will be seen, both Jigs are located from 
tbe flat surface on top of tbe bed, the rear Jig clearing the front V. 
Jig A is located endwise by seating against tbe hub C; the wooden 
pole D is used to set Jig B. Tbls pole has lines cut on one side, giving 
tbe settings for various lengths of beds up to 16 feet, so that the dis- 
tance between the boxes, when bolted on, wltl be correct for tbe lead- 
screw. For longer beds, especially those in two sections. Jig B is set 
from tbe rear end of tbe bed, and after the boxes are bolted on. tbe 
measurement is taken for the length to cut the lead-screw; it is not 
practicable to set the rear box or cut the lead-screw In the same way 
Id this case as In the previous one, due to the error that is likely to 
occur in tbe length of the bed. This completes the work at the horl- 
Eontal drill, and the bed is now moved to a radial drill, where tbe holes 
for the rack are next drilled. Special eccentric clamps are used for 
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holding the rack In place, one of which Is seen resting on top ot tlie 
heA in Fig. 5. The advantages of this clamp over the common C-form 
are that It does not mar the work, no copper packing is needed, the 
clamping and loosening is quickly accomplished, and there Is no danger 
ot shitting the rack when clamping It. 

When the boles tor the rack are all drilled, Including the pin holes, 
the drill-hand taps and enters one screw in each rack section, so as 
to keep the rack in place after the clamps are removed, and until the 
bed reaches the assemblers. This avoids tying up the radial drill 
while the rack Is being fastened on the bed, which is the practice In 
some shops. 

On top of the bed in Fig. 5 are shown two fixtures A and B. respect- 
ive!]', which are used to locate the tumbler locking bar D. Fig. 3. Fix- 



ture J. Is also used to set the bushings B and F. Fig. 3, by Inserting the 
stud in the flxturo in place ot the stud C, and bringing the bushings 
(which are etralght) up against the buba shown on the fixture. Now, 
with fixture B in position In the tumbler shaft hole.'the locking bar is 
set so that Its first notch a. Fig. 2, fits over the projection G of fixture 
A. Fig. 5. The plates D and E on fixture B are then moved so as to 
enter slots near the ends ot the locking bar, after which the locking 
bar la set bo that Its slots bottom in the fixture plates, in this posi- 
tion thi; bur Is marked ott, and after drilling the two bolt holes, which 
have 1/16-lnch clearance, It Is again placed In position and clamped by 
its boliE. It is then shifted so as to bring It In the correct relation to 
the fixtures, and then the pin holes are drilled, With the bushings E 
and F (Fig. 3) located aa previously mentioned, their set-screw holes 
are now drilled. 

The lege are set and marked ott on the bed with the aid of a wooden 
pole having lines scribed on It representing the center line ot each 
Inner leg. After these holes are drilled and tapped and the tegs bolted 
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on, the bed is next turned right side up for drilling the bead-stock 
clamping bolt holes. The Jig for drilling these holea Is located on 
the tied by the keywa? D, surface O, and hub B. Fig. 4, bo that when 
the head-stock, which also was drilled by this ]lg, is bolted on, the feed 
gear ou the spindle will line up with the intermediate feed gear In the 
bed, and the bead-stock casting will match the end of the bed. This 
completes the drilling, and the bed Is next sent to the assemblers, 
where the actual work of assembling proper begine. 



It is the general practice to keep the bead-stocks, tail-stocks, carriages, 
tumbler members, etc.. Id stock, completely assembled, these units be- 
ing Identical for an; length of bed. This method will be considered 
here. It being assumed that the units already have been brought to the 
assemblers. Two men usually are employed in assembling a lathe of 
this sUe, since a larger number cannot advantageously be used. Two 
men should be able to assemble such a lathe In 40 hours, total time. 
The operations of scraping on the carriage and assembling the tumbler 
mechanism are, of course, carried on simultaneously, one man working 
on each Job; but for the purpose of description, each operation will be 
considered separately. 

The preliminary operations on the bed consist of rough scraping 
the V'e and inside bearing for the tall-stock, fastening on the rack, 
and pullshlng the sides and top. When fastening on the rack, and 
polishing the sides, the bed is turned over for the convenience of the 
workmen. The rack, which was temporarily fastened on by the drill- 
hand, is now removed and all the holes tapped, after which it Is 
screwed fast, the pin holes reamed, and the pins driven In. A carpen- 
ter's brace is used for the taps and reamer. As the rack already has 
been polished on a disk grinder, it is only necessary to rub It with 
emery cloth to obtain a good finish. The bed is now turned right side 
np and carefully leveled, using iron wedges. During these preliminary 
operations the painting and any necessary chipping Is done. 

For scraping the carriage to fit the bed a special lifting device Is 
used to facilitate turning the carriage over. This device is described 
by the author la MACHinEav's Reference Series No. 50. When the car- 
riage la tieing pulled along the bed for the purpose of finding the bear- 
ing, the lifter bolts are slackened off so ss to prevent any danger of 
springing the carriage. 

Fig. 6 clearly Indicates the method of squaring the carriage with 
the b'Sd. As will be seen, the sweep bar A is held in firm contact with 
the angle and bottom bearing of the carriage by means of two flat steel 
springs B, bent to the shape shown. Brass shoes C, riveted to these 
springs, prevent the latter from cutting or scratching the bar. The func- 
tion of colled spring D Is to hold the sweep bar collar E In close contact 
with the end of the carriage. With this device, the sweep Is easily and 
quickly applied or removed, more precise measurements are obtained 
than by having an operator hold it, as is the usual practice; and be- 
sides, only one man la required to perform the operation of testing. 
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operation, micrometer point F la set to one position aa abown, using a 
piece of cigarette paper aa a "feeler"; then the sweep la rotated to the 
oppoaitc aide and a measurement taken as before. The carriage is 
scraped so as to turn the face-plate about 0.001 Inch concave. 

Veiy little scraping Is necessary on the bed, merely enough to smooth 
the V's and break up the bearing, the tool marks being visible after 
the scraping is completed. When this work is accompllBhed, the car- 
riage gibs are fitted, the apron Is bolted in place, and the croaa-feed 
Bcrew, shoe, etc., are placed in position. Next, the tall-stock cricket is 
placed on the bed and Ita packing fitted, after which it Is pulled the 
entire length of the bed to determine If tbe latter Is straight. After 
Kay high spots on the bed are scraped oft, the tall-stock traverse bracket 



is bolted onto the cricket, and then the tail-stock and Its shoes are 
placed In position. 

B«ferrlng again to Fig. 3, the tumbler mechanism Is assembled in 
tbe bed as shown in the lllustratloo, the operation being so simple 
that no explanation la necessary. Holes In the bed lor the oil pipes 
(not shown) are drilled by meana ol a pneumatic drill, thla being done, 
of course, preceding the aasembltng operation. Tbe slot In tbe inter- 
locking plate H Is now marked oft, the plate removed, and the slot 
cut. The position of thle slot is determined by having the tumbler 
gears in a central position between tbe largest change gears. With 
the interlocking plate again acrewed onto the tumbler, the thirty-four 
holes In the bed tor tbe tumbler locking pin are now ready to be 
drilled. . 

Drilling these boles is the most Interesting operation on this part 
of tbe lathe, the manner of accomplishing it being Immediately ap- 
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parent from Fig. 7, which ehowa the tools used, some of them being 
sees on top ot the bed. The method of holding the tumbler la engage- 
ment with the various change gears while drilling the holes tn the bed 
Is clearly shown In Pig. g. Paper, to the thickness of about 0.005 
inch, is placed between the teeth of the engaging gears before they are 
brought Into mesh, and when the Jack screw A is tightened sufDclently 
to hold the tumbler rigidly tn place, the gears are In proper mesh. 
The holes are first drilled with a special drill that flu the locking pin 
bole In the tumbler and has flutes milled only a short distance up from 
the point, so as to avoid cutting the hole in the tumbler. Pig. 7 shows 
thla drill In position In the air drill. Por finishing the holes, a special 
rose reamer, shown at B, Is used In the same manner. 

The tools are fed Into the work by means of the bar C, which is 
pointed on one end so that it can be driven Into the floor to prevent 



slipping. The operator presses his shoulder against the upper end ol 
tbe bar, holds the throttle of the air drill wltb the left hand and pulls 
on the bed with the right hand. Each hole is drilled In succession, 
alternating between the top and bottom rows. The record for drilling 
and reaming these thirty-four holes, including the time required to set 
the tumbler. Is 50 minutes. In setting the tumbler for drilling. Its 
lateral movement for the various positions ts controlled by the Inter- 
locking plate engaging the respective slots In the locking bar. (See 
Pig. 8.) 

To mark off the groove which is seen hetween the two rows of holes 
In Pig. 1, a special scrlber ts used that fits the tumbler locktng.pin 
bole, the tumbler being held In a neutral position by the locking bar. 
Two circles are scribed, one at each end of the groove to be cut. and 
tb«n a straightedge is used In scribing lines connecting the two, tbe 
lines acting as a guide when chipping tbe groove with an air hammer. 
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Ineertlng tiie handle, chipping the groove, and raatenlng on the number 
and Index plates completes the operation on the tumbler mechanlam. 
Unln^r tTp the Head-atock and Tall-etock 

The bed Is now ready to receive the head-stock and while this is 
being fitted on by one of the assemblers, the other is working on the 
lead-screw, lead-screw boxes, and change gear sweep. As the head- 
and tall-atock were tested for alignment before being sent to the stAre- 
Toom, It la now only necessary to line up the head-stock on the bed 
and fit the taper dowel pins. 

The method of testing these parts Is Interesting, inasmuch as the 
test arbor used Is somewhat out of the ordinary. A Jig Is used that 
represents the head-end section of a 24-lnch lathei bed. The jig and 
whole outfit of fixtures used, together with a head- and tail-stock In 
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position for testing, are shown In Fig. 9. As will be seen, the test bar 
Is square at A, near each end. the object being to use the Indicator on 
a flat surface when testing the spindle for paralleltsm with the V's, 
and on a cylindrical surface when testing the spindle taper bole for 
concentricity. The two sguares are Integral with a sleeve that can 
be turned independently of the bar, and In this way one plane surface 
can be set at a mean between the "high" and "low" point on the bar. 
This adjustment Is obviously neceesary, since the bar Is particularly 
liable to run out at Its free end, due to a number of conflicting ele- 
ments, the error In any one of which may be Infinitesimal. When 
using the plane surfaces, one of these Is always trued up with the 
square B, as shown In the engraving. 

The reason for providing a plane aurface on which to indicate is 
this: Suppose, for example, that we are testing the spindle for align- 
ment sideways, and further that the axis of the spindle actually is 
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parallel aldewaya with the bed, but that the axis does not He In a 
horizoDtal plane. It being high on the front end, say 0.006 inch In the 
length of the test bar. Then in indicating on the older type of bar 
with cylindrical collara, the line of motion of the indicator point In 
traveling from one collai* to the other la not parallel with the axla of 
the text bar and therefore the readiuga are false. Now, with the form 
of bar having plane surfacea, asaumlng the conditions to be the same 
as regards the alignment of the spindle, the reading will show that 
the alignment Is perfect BidewaTS, because the Indicator point Is mov- 
ing on a plane surface. 

Referring again to Fig. 9, the fixture O Is guided on the V tracks 
of the bed and is constructed so that It Is adjustable for holding a 
Starret Indicator D either on the side or top of the bar as the case mar 
require Having explained the use of the tools and fixtures, the method 
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of "lining up" the head-stock and tall-stock, both with reference to the 
Vs and to each other, is to place them on the bed and approximately 
set the head-stock true sldewars by Inserting keys in the kerwaya 
planed In the head-stock and bed for this purpose. 

With the clamping bolts tightened llghtlj (the bolts have 1/ie-lnch 
clearance), the head-stock spindle taper hole is first tested for con- 
centricity by Indicating on the cylindrical surface E while slowly rotat- 
ing the spindle. Then with the squares A set as previously explained, 
the head-stock Is moved around by knocking It with a babbitt hammer 
until the reading on both surfaces la the same. The bar Is then moved 
over Into the tail-stock spindle hole, and after the set-over screw F la 
adjusted so as to bring this spindle In line with that In the head-stock 
(the reading being the same as before) the tall-stock spindle is tested 
for alignment sideways. Now the Indicator la Bet on top of the bar, 
with the latter turned so as to use the same surface, and then the tall- 
Btock spindle is tested for alignment In a horizontal plane, after which 
the bar Is again set Into the head-stock spindle hole and that spindle 
tested both with reference to the Vs and to the tall-stock spindle. It 



I* NO. 51— ASSEMBLING MACHINE TOOLS 

la nnderetood, of couree, tbat If any errors are discovered which exceed 
the allowable limits ot variation, the part at fault Is either Sled and 
Ecraped to bring It true, or machined, If the circumstances. warrant. 

Turning again to the lathe bed, we will aesume that the head-atock 
is lined up as Just described, and the clamping bolts are tightened 
down bard. The taper dowel pin holes are then drilled, reamed, and 
the plnE driven la, care being eiercieed to see that the pins are a good 
fit. Next the faceplate Ib screwed on, ready to be turned off. 
lilnliig Up the Lead-BCrew Bozos 

As was previously stated, work has been progressing on the lead- 
screw boxes and other minor details. For the purpose of lining np the 
boxes and also to test the alignment of the lead-screw bearings In ths 
apron, a abort arbor is used tbat represents the lead-screw. First the 
apron Is tested, and then tbe lead-screw boxes are bolted onto the bed 
and lined up with the apron. Sometimes It Is necessary to file the 
apron seats or adjust the boxes to bring tbem into proper alignment; 
but with careful planing and thorough inspection of the parts, this 
ahould not be required. Two special gages are used to facilitate tbe 
aligning; one gage reaches down from the flat tracfc on top of tbe bed 
for horizontal measurements, while another is bald against tbe side 
of the bed Just below the V to teat sideways. Both gages are provided 
with micrometer points to enable the accurate measurement of error. 

Referring to Pig. 1, tbe bead-end lead-screw box is set longitudinally 
when tbe change gear sweep Is in place, so as to line the box with refer- 
ence to tbe sweep bearing on the end of the bed. When properly set, 
tbe boxes are drilled and reamed for the taper dowel pins; then the 
lead-Bcrew Is put In place. Its cbecknuts screwed on, and tbe gears on 
the sweep brought into proper mesh. 

Tbe Finishlncr Operations and Inspection 

With the cone belted up to a countershaft or other source of power, 
tbe bearings are thoroughly oiled, and tbe lathe is run idle for a while 
preparatory to turning off the face-plate. The V's on the bed and bear- 
ings on top of the carriage are now spotted with a scraper, while all 
other finished aurfacea receive their final pollablng. Tbe centers and 
their reapective holes In the spindles were fitted to male and female 
gages during the machining process, so tbat now It Is only necessary to 
place the centers in position. Clamping on the center-rest Is the final 
assembling operation. 

AH machines are more or lesa defective, as It Is practically Impos- 
sible to make anything absolutely perfect Knowing this, tbe builder 
establishes a limit wltbin which tbe error will not materially affect ths 
working of tbe machine, and furnishes the Inspector with a Hat of 
allowable limits. 

The inspection Is carried on as tbe work proceeds, so tbat no part 
is neglected, and no defective material or faulty worhmanship Is al- 
lowed to pass. Qearlng of all kinds la tnapected and tested for align- 
ment and smoothness of operation. The fits of all wearing surfaces 
are tested, as well as tbe fit of tbe various screws and binding and 
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clamplns flztuTes. All Intormatlon obtained from the toBpectlon la 
entered on a printed form. Each machine 1b given a eerlal number, 
and the reporta are filed In the office, so that In case ot any trouble 
arlBluE or any repalrB being reQulred for a given lathe, an exact rec- 
ord of ItB condition when it left the shop Is available. 

After truing up the face-plate, tt la tested bj means of a straight- 
edge and cigarette paper, this kind of paper being the beat for the pur- 
poae. The spindle Is tested for end motion when running, by applica- 
tion of the Starrett Indicator to the face of the apindle nose. To prove 
the alignment of the head spindle with the shears of the lathe^nd 
the alignment of the taper hole with the spindle under actual working 
condlttona, a steel test bar is provided which fits the taper hole and 
projects 18 Inches from the spindle. This bar carries three cast-iron 
collars, placed one at each end and one in the middle, from which all 
measurements are taken. A light cut is taken across these collan 
with a keen diamond-point tool, and the collars are then measured 
with a micrometer. Aa It la desirable when boring a hole, to have the 
taper, if any, large toward the front end, the front end of the head- 
stock was purposely set slightly toward the rear of the bed so that the 
outer collar should be found 0.0005 Inch larger than the collar next 
the spindle. The alignment of the spindle In the vertical plane la 
again tested by attaching the Indicator to the tool-post and traversing 
the carriage along its ways with the contact point of the Indicator 
pressing against the top surface of the collars. 

In testing the alignment of the taper bole with the apindle Itaelf, 
after the collars have been turned off, the teat bar la removed, turned 
half way round and replaced In the spindle; the Indicator Is then put 
In the tool-post In place of the turning tool, and with the contact point 
on the center line, the indicator la traversed past the collars, the varia- 
tion In readings showing twice the error in the alignment of the taper. 
The alignment of the tall-stock spindle is now tested, the method beins 
the same as In the previous Instance. 
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ASSEMBLING A MOTOH-DRIVBN PLANER* 

In planer erection, the principal points to be observed are that the 
housings must be parallel with each other and square with the bed; 
accuracy Is essential In the fit of all sliding members and In the truth 
of aU plane hearing surfaces; the gears should mesh properly and run 
smoothly; and the system must be such as to permit the various parts 
to be easily and quickly assembled, and avoid the necessity of fitting 
the members together for the laying-out operations. This, of course, 
presupposes the employment of Jigs and gages, but, owing to the fact 
that planers of the 48-Inch size and upwards are seldom built In large 
numbers at a time, and further, that there are many dlFFerent types 
of drive, it is impracticable to indulge very freely in the use of 
elaborate Jigs for duplicating the larger parts In the larger sizes. 
However, many of the members used in the construction of planers 
are common to several different sizes and different types of drive, 
so that with a few very simple ]ig8 and gages, the standard members 
can be made interchangeable, and In this way much expensive hand- 
ling in laylng-out, and the consequent lost time, Is avoided. 

ThiB chapter will deal principally with the erecting process on the 
bed, since the methods and processes employed In assembling the 
Bmaller units do not differ greatly from the practice used Is assemb- 
ling those of other machine tools. All the principles involved in the 
erection of a small planer are encountered in the case of a large 
machine, and many other complicating factors are added; hence, the 
erection of a planer of the latter class will be described In detail. For 
this purpose a 4S-inch motor-driven planer le selected, the general 
features of which are apparent from a study of the half-tone Fig. 10. 

As the machining processes are so intimately correlated with those 
of assembling, and as the methods employed In the latter are con- 
trolled to a great extent by the former, a brief description of the 
points to be observed In machining, together with the gages used for 
testing the larger members, will he illustrated and described. Refer- 
ring to Fig. 11. A indicates a gage for testing the V-surfaces on both 
the bed and table. It being shown In position on the latter. The sai^ 
faces B, which support the gage, are finished first, and in this way 
the gage la always kept in a horizontal plane and both tracks are tlte 
same width, so that when the table Is placed In position on the bed, 
the top of the table will be square with the housings. Another advan- 
tage of this gage over the usual form having a bearing on both sides 
of the V, is that only two parallel surfaces are finished and tested at 
a time, which often saves changing the planing tools and resetting 
the tool-heads. The gage la squared by trying a 0.001-Inch feeler on 
both aides of the gage at O and C,. To determine the width of the 
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V-traclcE> on the bed and table, meaeurementB are taken at O and Z)„ 
respectively. 

The gage Juet described Is not adapted for measuring tbe racli seat, 
however, and, therefore, another gage is provided which Qts both 
BideB of the Vb, and is represented by the dotted lines. This gage 
carries a elide B which measures the rack seat. At F is Bhown a 
sheet-iron support wbtcb fits either gage and prevents It from tipping 
over, 

In tbe same IlluBtratlon, at 0^ Is shown the method of testing the 
table on surfaces S and H„ which have a clearance of O.OOG Inch between 
corresponding surfaces on tbe bed. As will be seen, the cast-Iron 
gage block I tts the V on the table and te provided with two surfaces, 
one, J, tor setting the planer tool, and another, K, for testing surface H 
after the finishing cut is taken. To the right, at L, la shown another 
cast-iron gage, this being used for setting the tools and testing the 
surfaces M and S; at Li the gage is shown in poeltion In the V-track 
of the bed. As will be pointed out later, the object of finishing the 
surface N last Is to provide a locating surface (or the Jig (or boring 
the bed. In this way, the rack gear shaft hole is bored the correct 
distance from the V-tracks, so that when the table is in position, the 
table rack will mesh properly with its gears. Length gages 0, P, 0, 
and R are (or testing the measurements Indicated, the latter also being 
used for taking the length of the arch A. Fig. 10. 

It la essential, of course, that the housing cheeks on the bed be 
perfectly square with the V-tracks and parallel with each other. To 
accomplish this, the sweep S. carrying the Starrett Indicator T, is used 
In connection with the straight-edge V. wblch reaches across the bed 
and extends a sufllclent amount beyond one side to accommodate the 
swing of the Indicator. By this means very accurate results are 
obtained. The operator holds the bar V In contact with the bed, and 
the flanged bearing W, being of ample diameter and ground true with 
the bar, keeps the bar In a vertical plane. 

Borlnir and Drilling tbe Bed 

The bed, having passed inspection with regard to the accuracy of 
the planing operations, is now sent to the horizontal boring and drill- 
ing machine where all the boring, drilling, and tapping operations are 
completed; one setting only Ib required, as tbe machine is provided 
with two separate columns carrying spindle heads, both working on 
the sides of the bed slmultaneouely. In the line-engraving Fig. 13 the 
bed is seen resting on parallels A with the Jig B In position ready tor 
the operations Just mentioned. Aa will be observed from the top view, 
the Jig consists o( three main castings C, D, and E, respectively, which 
are bolted to the three cast-iron tie bars F; this construction permits 
adjustment of members D and E to compensate tor beds having differ- 
ent widths over the houalng cheeks. The Jig rests on tbe top of the 
bed, and is located endwise with reference to tbe Jig members D and E 
matching the bed casting, so that when the housings, which have been 
drilled by a separate Jig, are bolted onto the bed, the castings will 
match properly. Set-screws O square the Jig with the bed by holding 
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tbe Jig against surlace S. Suitable Btope, straps and bolta secure the 
]lg and bed to the base-plate during these operations. 

For boring and reaming the shaft holes I, J, K, L, and It, two bor- 
ing bars having suitable cutters and reamers are used.* Tbe Jig Is 
provided vlth removable hardened steel drill bushings for the hous- 
ing bolt holes N, the tapping being accomplished at the same setting 
ol the aplndle. Drill and reamer bushings are used at and P, while 
a fixed drill hushing permits a email hole to be drilled for the taiter 
dowel pin, ample etoclc being leCt for reaming after the housings are 
bolted on and properly located. Aner tbe boring and drilling opera- 
tions are completed, the bed Is moved over to the erecting foundation 
where the erecting process proper begins. 

Drtlllns the Housings 

In Fig 14, the front bousing Is shown at A, with Jigs B and In 
position for drilling the cbeetc bolt holes and the arch seat tap holes, 
respectively; the same Jigs are used for tbe back housing, and Jig O 
is also used for drilling 'the arch casting. Tbe locating points and 
method of clamping the Jigs are indicated In the engraving; as a mat- 
ter of precaution, alter the first hole is drilled In each case, a pin is 
inserted through the Jig bushing Into the drilled bole. 

All drilling and tapping on this side of the boueing being completed. 
Jig C is removed, while B is secured by four bolts D having round 
heads fitting in place of tbe drill bushing collars, after which the 
housing Is turned over In the position shown In Fig. 16. The drill- 
ing operations are performed on a casMron base plate provided with 
a portable motor-driven radial drill, this base also serving the purpose 
of a surface plate for laying -out tbe work. It Is Important that the 
driving shaft bracket bole A and feed box shaft hole O line up nicely 
with corresponding boles In tbe bed, so that tbe shafts will run per- 
fectly free when assembled. In order to accomplish this without hav- 
ing to assemble the members and bousing on tbe bed, Jig B is pro- 
vided with flanged bearings, as at D, which support arbors located In 
the exact center position of the respective driving and feed shafts. 
The location of the bearings in this Jig, and also of the bolt holes B 
is found by clamping the Jig to tbe bed Jig member D, Fig. 13, and 
boring the former in this position, so that the two Jigs are identical 
with respect to tbe locating points and center distances of the holes. 

Referring again to Fig. 16, driving shaft bracket F is first cen- 
tered by tbe bushing O being pushed down into tbe bole; then the 
outboard bearing H and its member 1 are set approximately correct 
by means of shaft J and Jig K, and held In this position by C-clamps, 
after which the truth of bearing H with respect to its being square 
is tested by means of sweep L, indicator M and tbe test block Jf, as 
shown In the engraving. When It Is determined that bearing H Is 
square and properly set, so that bushing O enters the bole in Jig K 
without springing tbe shaft, all the clamping bolt holes are marked off, 

• Tbeae borloK bars are *lin§lar to those sbown In FIks, I3T and I4Z. page 21, 
of Uacbinsbt's Reterenoe S«rle« No. 43, JIgi and Fixtures, except that In tbe 
prewnt cage a middle support enables each bar to carry two <n"""" — ■* ' — 
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Ui« brackets removed, and the Uoles drilled and tapped; then tbe brackets 
are bolted on, reset In the same manner, and the dowel pins fitted. In set- 
ting and testing these bearing brackets, particular care Is exercised to insure 
the accuracy of the work, thereby saving much time when aeaembling tbe 
parts. As was stated at the outset, the fact that these driving works eener- 
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ally are of a special oature, is tlie reason why Jigs are not provided lor each In- 
dividual member. 

The cam operating lever bracket P la marked off alter being eet length- 
wise to the correct dimension Q. and sldewUe so that the center line of Its 
shaft will coincide with a line laid oS on the housing the right distance 
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from surface A. A simple jig for drilling the feed rack casing hales Is shown 
at B, the method of locating and clamping It being Immediately apparent. Jig 
r la for drilling the feed-box clamping bolts holes; the Jtg consists of a flat 
plate centered by means of an arbor tbe same as at D, and located by a pin 
fitting Into bouBlug dowel pin hole V. A jig of similar conatructfon and cen- 
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tered In tbe same manner, Is lIIuBtrated at V; tbls jig drills the clamp- 
ing bolt holes for a bracket canrlng the aide-head feed shaft. Simple 
Jigs, not shown, are provided tor drilling for the feed bracket B and 
elevating screw brackets C, Fig. 10, tbese two operations being per- 
formed on a horizontal drill. This completes tbe drilling on the front 
housing, and after tbe necessary drilling Is performed on tbe back 
bousing, using tbe same Jigs as previously explained, tbe housings 
are tested to determine tbe accuracy of tbe planing. 

Testlne^ tbe Housings 

One of the essential requirements of a flrst-class planer Is that It 
must produce accurate work when using the side-beads, and this means 
that the ways on tbe housings must be true aud parallel. When 
making this test, as sbown In Fig. 17, tbe housings occupy the same 
position as wben assembled on their bed, and It is at once apparent 
that whether or not the front faces stand perfectly plumb, Is a matter 
of little consequence, so long as tbe faces lie In tbe same plane. With 
respect to the side faces and angles, however, the conditions are dif- 
ferent; tbese must be square with the bed. Casting A wblcb cor- 
responds to the cheeks on tbe planer bed Is bolted to a suitable concrete 
foundation and carries two V-blocks B, forming bearings for the sweep 
bar C wblcb In turn supports sweep D and Indicator E. The bar Is 
held In tbe V-blocks by straps F and wooden blocks O. wblle collar H 
and Its thrust bearing I take up all lateral motion. The construction 
of sweep proper, D, Is sucb tbat clamp J, carrying tbe Indicator, may 
be secured In any position of Its travel between tbe two seamless steel 
tubes K, wblcb enables readings to be taken at various points. 

After being bolted onto tbe Jig, tbe housings are located against 
strap L by means of screws as at M. It Is desirable that the front 
faces show about O.UOl Inch low at their outer edges, as at N, so tbat 
when the cross-rail Is In position It will surely have a bearing across 
tbe entire face of each bousing. Measurements are also taken across 
O at various heights, and between tbe arch seats P. to determine the 
parallellam of tbese surfaces. It should be explained tbat, In tbe side 
view, the front bousing only Is shown for tbe purpose of more clearly 
Illustrating tbe sweep bearings. Tbe bouslngs having passed Inspec- 
tion In this test, are next turned face uppermost in a suitable pit tor 
convenience In scraping on the side-bead shoes D, Fig. ID. alter wblcb 
tbe lioualngs are ready to be placed in position on tbe bed. 

As has already been stated, the principal points to be observed In 
planer erection are: housings parallel with each otber and square with 
tbe bed; accurate fit of all sliding members and truth of all plane 
bearing surfaces; proper mesh and smooth working of gears, and a sys- 
tem tbat permits the various parts to be easily and quickly assembled, 
and avoids the necessity of fitting tbe members together for tbe lay- 
Ing-out operations. We have now completed the boring and drilling of 
tbe bed, the drilling of tbe bouslngs, and the testing of the housings. 
We will now take up tbe laying out of the arch bars, tbe assembling 
operations on tbe bed. tbe setting of tbe bouslngs. tbe assembling of 
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the driving, feed and arcb members, tbe larlog out and eettlus of the 
croBB-rail, and the final testing and Inspection. 

Layins' Out the Arch Members 
Tbe first drilling operation on tbe arch Is for tbe housing bolts, the 
Jig for thla helng shown at C, Ffg. 14; then the arcb is set under the 
drill In Its normal position and tbe brackets and motors are located 
for marking ofl! the bolt holes, as Illustrated In Fig. 18. When these 
holes have been drilled and tapped, tbe arcb members are bolted In 
place for drilling tbe dowel pin boles, this time more care being exer- 
cised In the setting. Thla Is another instance where the varying char- 
acter of the parts precludes the use of drill jigs, and a method oC lay- 
ing out the work must he resorted to. For convenience in obtaining 
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accurate measurements, and to facilitate the work, a pair of adjust- 
able angle-plates are used, as Bhown at A^ the Idea being to us« an 
arbor In the bracket bole B and to provide a positive locating surface 
at each end, against which the arbor Just touches. 

The location endwise not being as particular, a line Is scribed on the 
arch the correct distance from end 0, and the bracket, with a scale 
held against the end, Is set so that the edge of the scale coincides with 
the line Just mentioned. As will be seen from the detail view, the 
angle-plate is adjustable on its base D, and may be turned end for end 
and clamped in any poBltlon as the case may require, Sne adjustment 
being made by the screw E. Fastened to base plate D ia & scale, while 
attached to angle-plate f Is a vernier, this combination enabling very 
accurate settings; all readings are taken from the lip O to surface S, 
and it Is necessary, of course, to add half the diameter of the shaft to 
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obtain the center distance. Bracket J, for the top elevating shaft, is 
set In the same manner, except that the angle-plates are reversed on 
account of the bracket being so close to tbe edge of the arch. With 
both brackets bolted fast and pinned, and their gears in place supported 
on short arbors, the motors are set ao that their pinions meab properly 
with the respective gears; then the motor clamping bolt holes are 
marked oft, drilled and tapped, and the motors reset for pinning. In 
case the design is such that the entire top surface ol the arch casting 
Is not planed, i. e., where finished seats are provided for the brackets 
and motors, additional spots are required for the angle plates. These 
spots are conveniently located on the casting and are finish planed 
with the other seats. 

ABsembllns Operations on the Bed 

The first assembling operations proper on the bed consist of drilling 

the various set-screw and oil pipe holes; drilling and fitting the track 

oiling device, a drill Jig for which is shown in Fig. 19, and assembling 



:., Google 



ASSEMBLING A PLANER 



27 



tbe rack geiir, Its sbaft, and Ihe two Intermediate compound geare and 
shafts. Tbese operations, together with placing the housings on the 
l>ed. are done before the leveling operation, as otherwlee the conse- 
qnent hammering and additional weight of the housings might throw 
tbe bed out of level. 

During erection, the bed Is supported on cast-iron parallel blocks 
placed about sis feet apart along the whole length of the bed and also 
under the houslnga. Planed cast-Iron wedges, having screw adjust- 
ment, are placed between the parallel blocks and the bed, thus enabling 
very sccnrate leveling to be accompllsbed. The arrangement of all 
tbe blocking Is such that none of it will Interfere wltb tbe driving and 
feed mechanism during erection, and as these details vary In different 
macblnes, tbe blocking must be arranged to suit each machine. 

Several methods may be followed In leveling a planer bed, any one 
of whlcb will give good results If the work Is carefully done. The 




prime regalsltes are, of course, a flrst-class, sensitive, apirlt-level — 
one at- least 18 Inches long — and an accurate parallel that will reach 
across both tracks. It Is obvious that since the tracks in a new bed 
are not worn, just as good results are obtained In leveling by using the 
top surface on the tracks as by using either V-shaped parallels or 
cylindrical pieces In the ways. The leveling Is done as follows: The 
level Is used on the top surface of one track, and that side of the bed 
Is carefully leveled by moving the instrument short distances at a 
time, over the entire length. Then, by placing the level on the parallel, 
the bed la leveled crosswiBe; the operation of first leveling one side 
and tben croaa-levellng to the other la repeated several times, or at 
least until no further errors can be detected. 
Setting the Houalnsa 
Fig. 20 Is a top view of the planer, and abows tbe general method 
of setting the bouslnge; the operation Involvea tbe alignment of the 
driving shaft bearing In bracket A wltb that In the bed at B. and 
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aleo Includes bringing tbe tncee of the houatnge Into the same plane. 
Wltb tbe bouBlnge bolted to tbe bed only Bufficlently tlgbt to bold tbem 
1q place, and with drlrtag Bbaft bracket A bolted and pinned fast to 
tbe front boualag 0, an arbor D Is used aa indicated. Tbls arbor la 
ground true and 1b a wringing lit in tbe bed at S, and, being of smaller 
diameter wbere It passes through bracket A., permits It to be easily 
Introduced Into tbe bed bearing even thongb tbe bracket bole is out of 
alignment. This condition la poBslble, of course, since tbe clamping 
bolts E have ^ Inch clearance In the housings. Now, wltb bushing F 
in position to enter hole O, the front housing la driven with a babbitt 
hammer, either forward or backward as tbe case mar require, until 
the busblng enters the bole freely without springing tbe arbor. 
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To set tbe back housing, a straightedge le laid across the' bed as 
shown at H, and narrow strips of tissue paper are introduced at I 
and /,; then, by moving the back housing until papers I are tight and 
I, can lust be moved. It Is determined that both housings are In proper 
alignment. Tbe fact that the outside papers are slightly loose Is due 
to conditions already stated. After reaming tbe housing dowel pin 
holes by means of an air drill, and driving In the pine, measurement 
Is taken for arch casting J, and the housings are calipered over sur- 
faces K Juat above the bed, and at the top, to test their parallelism. 

While an attempt Is made at tnterchangeabtllty with respect to tbe 
length ol the arch member, it sometimes happens that certain ele- 
ments make It necessary to slightly deviate from the standard meas- 
urement. For Instance, the above test may show tbe measurement over 
I to be from 0.002 to 0.003 Inch wide or narrow at tbe top, in wblcb 
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case the boualngs are made parallel by means of a Jack-screw, or tl«- 
rod, as the caee may require, and tben tbe arcb 1b macbined to suit. 
The arcb Is now bolted In place, and set to matcb tbe bouslngs at 
L and M, after wbicb It Is pinned. 

AHHembllngr tbe DrlTlngr, Feed and Arch Msmbere 

The croae-rail, side-saddles, and tbe Tarioue driving and feed on Its 
are aaaembled In a department separate from tbe erecting department, 
and these parts usually are duplicated In quantities and come from 
tbe store-room to tbe erectors completely flnlsbed. In all cases where 
poasible In assembling these units, standardization Is provided for, and 
In this way much time Is saved by tbe erectors avoiding unnecessary 
adjustments. 

Referring back to Fig. 10, tbe feed box E Is next bolted In place, 
and after assembling the driving shaft F with Its members, and bolt- 
ing on the bracket member O, tbe outboard bearing H Is bolted in 
position. Tbe arch bearing for the fly-wheel shaft / already being 
secured In place, tbls shaft Is red-leaded and tried In Its bearings to 
test ttaolr alignment When proper care Is exercised In the aligning 
operations, very little scraping Is necessary on these bearings. 

While work Is proceeding In assembling the top works, elevating 
screws, and motors, other erectors are busy with the side-heads S, 
rocker mechanism /, and the feed mechanlsin for tbe stde-heads and 
croBS-rall; each unit Is assembled In logical order, and as many opera- 
tions as possible are carried on simultaneously. The planer Is now 
ready tor tbe cross-rail K and table L, preliminary work on these mem- 
bers being completed far enough ahead so as to cause no delay at tbls 

Tbe operations on tbe table cotisist of drilling and reaming the stop- 
pin boles, drilling and bolting on the rack, and rough scraping the 
tracks; the oil grooves were cut In the machining process. A large 
motor-driven multl-eplndle drill is used for drilling and reaming tbe 
stop-pin boles. This machine carries sixteen spindles, arranged Id two 
rows; one row of spindles carries the drills, and the other tbe combi- 
nation mills and countersinks. After tbe first row of holes Is drilled 
and tbe table Is Indexed along the space of one row, the combination 
mills and countersinks are Inserted, and tbe sixteen tools are used 
simultaneously, thus producing very rapid work. The table Is sup- 
ported on a special truck running on a track between the drill up- 
rights, and a suitable mechanism for moving and Indexing the table 
completes the equipment. Previous to placing tbe table on tbe bed, 
the ways on the latter are also rough scraped, and then the bearing 
surfaces receive a coat of red lead which serves the double purpose 
of marking material and lubricant 

Laying Out and Settinff the Cross-rail 

The stud holes A tor tbe cross-rail gibs are drilled In the manner 
shown In Fig. 15. As will be seen, spots are planed oB at B which 
serve to square Jigs and 0„ and the holes tor tbe elevating screw 
nuts are utilized for clamping the Jigs by means of bolts D. Endwise 
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location of Jig O ie detennlned hy matching the end of the croas-raU 
as shown; then Jig (7, le est h; tranaferrlng the measurement from 
the housings by means of the wooden straightedge E. A flat scrlber, 
shovn at F and F„ la used to mark lines on the straightedge which 
Is chalked for this purpose, and when corresponding lines on the Jigs 
coincide with those on the straightedge, Jig 0, Is properly set. 

When the studs are screwed In place and the back surface of the 
cross-rail Is scraped, the croas-rall Is placed In position on the planer 
and clamped by Its giba. Squaring the cross-rail with the housings Is 
accomplished by holding the bar of a sweep in the angle M, Fig. 10, 
and applying an Indicator to the front housing at N and ^,. The low 
end of the cross-rail Is raised a sufficient amount by either moving 
the teeth in bevel gear or Oi (Fig. 10), as the ciwe may require, In 
relation to its plnloD, or by adjusting one of the nuts on the gear 
end of the elevating screws, final adjustment being obtained by the 




latter method. It Is always better to raise the low end rather than 
lower the high end of the cross-rail, on acconnt of the fact that this 
will take up any lost motion or backlash between the nuts, the feed- 
Bcreva, and' the housings. As the studs have 1/lS Inch clearance In 
the gib. It la necessary to pin the latter after setting the cross-rail. 
Final Test and Inspection 

With the motors wired up, the belts In place, and the machine thor- 
oughly oiled, the driving works are run for a while before moving 
the table into mesh with Its rack gear, the Idea being to prevent possi- 
ble beating of the bearings by running without load. Next the table 
la brought Into meeb and the bed Is again carefully leveled in the same 
manner as before. When this Is accompllahed, the ways and tracks 
are scraped to a bearing, after which the ways are oiled and one or 
more cuts taken across the table to true It up for the purpose of test- 
ing the planer. A straightedge tried on the table crosswise, length- 
wise, and across comera, is used to test the truth of the planing. 

The side-beads are next tested for "planing square" by the method 
illustrated in Fig. 21. Two cast Iron parallels O are clamped o 
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each side of the table as shown, and then light cnta are taken down 
facM E with toolB In the side-heads. Now, with the faces S clamped to 
the table, cuts are taken down faces I. after which the parallels are 
turned back to their original positions and a square tried ae at J. To 
"prove" the square. It Is used m connection with a straightedge (on 
the aame parallel) as at JT, any error detected between the blade of 
square and the straightedge showing double the amount of actual errof. 

The accuracy of setting the cross-rail Is now detei^mlned by taking 
a light cut across faces I. using a tool In one of the croBs-rall heads, 
and testing with the square and straightedge as In the previous case. 
The object In making these tests la a precautionary measure, for by 
testing the planer under actual working conditions, the accuracy of 
the tests made during erection are thus proved. 

Final inspection includes running the cross-rail to the top ot the 
houelnga to teat the elevating mechanism and ascertain the fact that 
there is clearance between the cross-rail and arch. All gearing is 
tested for quiet and smooth running; the fits of all liearlng surfacea 
are inspected; the slides and saddles are run by band to test the paral- 
lelism oE their ways and also the ease with which the slides operate, 
after which the power feed Is applied and tested in various ways; the 
balance ot the driving motor armature, and ot the Hy-wheels and pul- 
leys also, receives careful inspection; in tact, no part Is neglected and 
all errors must be within allowable limits of variation. All teats are 
made under the personal supervision of an inspector, who enters all 
data on a form prepared for the purpose, and this report bears the 
serial number of the planer, and Is filed away tor future reference. 

As opportunity offers durtog erection, the filling, rubbing down, 
and priming has progressed, so that after inspection, all that remains 
to be done Is to give the bright parts their final polish, and apply the 
last coat of paint. 
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LAYtNG-Otrr AND ALIGNING OPERATIONS' 

In general, larlng out 1b the proceaa of placing aach lines on caat- 
Ings, forgingB, or partially finished aurfacea, aa wll\ designate the 
exact location and nature of the operations speclfled on the drawing; 
an aligning operation, as Its name Impllea, conalate in llntng-up a shatt 
bearing, bracket, or other similar machine element. In its proper place 
relative to other members. The flrst-named operation osually la oaso- 
elated with the process of machining, while the last-mentioned la gen- 
erall7 included In the work of assambUng. Laylng-out and aligning 
operatlona may be divided Into two parts; the preliminary and the 
final. The preliminary operation consists in approximately locating a 
machine element In place tor the purpose of marking the clamping 
bolt holes on Its supporting member; In the final alignment, the exact 
location is ascertained for the purpose of drilling the dowel pin holes, 
the irork being held by Its clamping bolts. Clearance in the bolt holes 
permits of this adjustment. 

As the ultimate results obtained In assembling are controlled to a 
large extent by the accuracy of these operations, it is of the utmost 
importance that means be provided for Insuring the refinement that 
the nature of the case demands. Jlga and fixtures have, of course, 
been a dominant factor In dispensing with much of the Ingenuity and 
skill required In this work, but owing to special conslderatlona a pre- 
clusion of these valuable adjuncts to manufacturing work may be 
advisable. In this case a simple gage or templet, or even a wooden 
Jig provided with steel buahinga, will greatly facilitate the operation 
of laying out or aligning, and, In fact, when propei' care Is exercised 
In using these comparatively crude devices, work may be produced on 
an interchangeable basis as good as with more expensive tools; 
although it Is to be expected that more skilled labor will be required. 

As regards the different methods of laying out and aligning, no 
definite rules can be given. The machinist must consider the means 
at band and the nature of the Job; he must then use his ingenuity 
and be guided by his practical experience. A few special cases are 
illustrated In the accompanying line-engravings; the methods and 
- processes shown and the remarks made in regard to them are intended 
only as suggestions of how the work may be accomplished without the 
employment of drill Jigs. It is not to be inferred that the way shown 
is, in each instance, the best method possible and the only one appli- 
cable. Circumstances alter cases; while the methods shown may be 
eminently suitable for one set of conditions, they may either be too 
refined or not refined enough for other requirements. 



* HACHiiraRT, FebtDSt; and Marcb, 1910. 
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Special Toole and Appliances 
Aside from the more common laytng-out tools such as the dtvldera, 
Burface gage, steel scale, etc., there are a number of tools of a Bpeclal 
form used for Isylng-out operations, some of wblch are stiown In Fig. 
22. The form of center punch shown at A will greatly facilitate 
marking oft holes through brackets and templets, or In laying off pin 
holes for cams. It Is necessary to provide a number of different sized 
center punches of this type, as the body of the punch must fit the 
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clearance hole in the worlc For obtaining a circle, the diameter of 
the tap drill, the punch or marker may take the form shown at B, ■ 
while a combination of the two will provide a guard circle. 

A flat scrlber Is very useful for marking a line on a plane surface 
at right angles to another plane surface when the corner Is rounded 
as shown at D. The form of marker Illustrated at E la for giving 
permanence to lines Intersecting on surfaces at right angles, as for 
Instance, in marking the relative position of a gear on a shaft. At F 
ts shown a special marker tor laying out a circle, the center of which 
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must coincide with a bole already twred. Tlte body or the marker 
&tB the bored bole and a circle Is scribed In the piece to be marked 
oD br rotating the marker when the point 1b In contact nith the Torfe. 
Two metbods of making the scribing point are clearly Indicated In the 
engraving, the one shown at end O producing a circle the diameter 
of the body. In marking off a hole In alignment with a threaded hole, 
a bushing H having a scribing point 1b made to fit the threaded arbor 
/. This arbor fits the threaded hole, and the bushing Is rotated to 
mark the circle. 
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One of the moat convenient and accurate methods of locating gear 
centers is b; the use of links. For drilling or boring operations tbe 
link may take tbe form of a casting provided with hardened steel 
bushings to guide tbe cutting tools. Again, a link may be used for 
caseB similar to the one shown in Fig. 23, which Illustrates the method 
of accurately setting a small motor A. so that its pinion will mesh 
properly with a gear on shaft B. The work Is accomplished as fol- 
lows; With tbe link C and the motor In position as shown, tbe Jack- 
screw D Is adjusted until the motor frame Just touches the finished 
seat on the bed. This adjustment Is determined by means of tissue 
paper placed between the motor and bed, after which the bolt holes 
are marked oft on tbe bed; the special marker B, Fig. 23, Is used for 
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the purpose. Tbe construction of the link to cle&rl]' shown at S, Fig. 
23; this form, being made of two pieces bolted together, permits of 
ready application to a shaft supported between bearings, without re- 
moving tbe shaft. Such a case to frequently met with In applying a 
geared pump to ft machine already built For ordinary cases, however, 
the link may be made In oae casting or forging, as the clrcumetances 
reQulre, and provision for clampfug may be made by eawlng through 
the ends as far as Indicated at F. 




f\t. a4. T-JIgtbrLocftUaBSB'Tsli 

In Fig. 21 to shown a T-jlg for locating a bearing bracket A. relative 
to the bole B in the main casting C. The requirements are that the 
axes of bole B and shaft D must Intersect, and the laces of hubs E 
must 1m equidistant from the axis of B. It Is evident, however, that 
tbe T-jlg will not take care of the alignment of tbe shaft D with refer- 
ence to Its being -parallel with the surface F. This may be accomp- 
Itohed by measuring down from surface F with either a combination 
square or surface gage or. In case the adjacent bearing for shaft D 
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la alreadr located, bracket A will find its own allgnmeiit b7 using thla 
bearlni; to support the shaft. 

The nee of Templets 
When a number of pieces are to be made Interchangeable without 
the use of Jigs or Qxtures, this can be accomplished by the employment 
of templets for laying out the work. While these dericea greatly elm- 
pUfy laying-out and aligning operatlona, they are not Intended for guid- 
ing the cutting tools. Templets are particularly well adapted for work 




where the holes to be laid out He in the same horizontal plane, and 
owing to this condition, the templet usually takes the form of a flat 
plate of sheet Iron, or a wooden piece, having the same general outline 
as the work to be laid out Again, many Irregular forma are drawn on 
work from accurately filed templets, after which permanence is given 
the linos by dotting them with prick-punch marks placed directly on 
the line. 

In making a templet for the first-mentioned class of work, holes are 
drilled in the templet to conform to the drawing of the piece to be 
laid out. In uae, the templet la laid on the work and is then clamped 
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to It b7 suitable and conTenleat meaas, bo tbat Its outline ndncldes 
wltb that ol tbe work. Tie layout may b« tranEferred to the vork by 
means of a marker as already explained, or, In the case of compara- 
tlrely large holes, an ordinary scrlber Is used to mark tbe circles, and 
after the templet la removed from the work, the center of each circle 
1b laid out with dividers, permanence being given the lines by a prick 
pnncb. Witness circles are often placed on the work to make sure that 
the original lines vere closely followed la drilling, i. e., a circle ta 
drawn In each case 1/32 inch larger in diameter than tbe one worked to; 
then, U the hole Is correctly drilled, It will be concentric with this circle. 

For a certain class of work where great accuracy is not required, 
templets may be made provided with hardened steel bushings for guid- 
ing the cutting tools Independently of the skill of the operator, in 
which case, however, the templet takes the form of a Jig. Owing to 
the lack of rigidity due to the thin material of which such Jigs or 
templets are constructed, no attempt Is made to provide clamping ar- 
rangements. The templet may be clamped to the work by means of 
ordinary C-clamps, or with machinists' clamps. Very frequently, how- 
ever, It is desirable to provide locating points which may consist of 
pine extending from one or both sides of the templet, as the case may 
require, or the locating points may be formed by bending tbe edges of 
the metal to a right angle. 

The application of a Jig such as Just described is Illustrated In Pig. 
25, which shows the method of drilling foundation bolt holes in a tur- 
ret lathe bed, the holes being drilled from the bottom. As will be seen, 
tbe Jig or templet ± consists of three pieces of flat iron riveted together 
and clamped to the bed by means of clamps B. The method of Insert* 
Ing the drill bushings Is shown In detail at C. To facilitate setting the 
Jig with reference to the bosses D on tbe under side of the bed casting 
BO tbat the holes wben drilled will be concentric with these bosses. 
Jig member B is bent to a right angle as each end so as to extend down 
the casting; the location Is determined by matching these ears wltb 
tbe bosses on the bed. 

In Fig. 26 Is shown the application of sheet-iron templets for laying 
out cross-rail members for lathe planers. Templet A for swivel member 
B is located by the hub C, and is lined up to match Che end D. A sep- 
arate templet Is provided for laying out the swivel clamp E; edge F 
of the templet Is bent over to form a locating point. But one templet 
Is required for laying out slide Q and Its clapper-box B. This is lined 
up on each member as shown. It Is obvious that these templets are 
more advantageous than cast-Iron JIge tor this class of work, since very 
large and heavy Jigs would be required, and furthermore, no great ac- 
curacy is necessary, as tbe bolt holes have 1/16 Inch clearance. 

As already stated, a very cheap and serviceable Jig for certain classes 
of work can be constructed of wood. At A, Fig. 27. Is shown a Jig of 
this character for drilling tbe clamping bolt boles In an engine lathe 
head-stock — In this case for a 30-lncb lathe. The Jig is located by pin 
B and keys C. the latter fitting a keyway In the headstock; having these 
keys on both sides of tbe Jig as shown at D. it Is also used lor drilling 
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the tap holes In the lathe bed, not showo. Steel lining bushings E are 
provided for the drill bushinga. The ]lg and work are clamped to the 
drill press table br straps and bolts. The frame consists of four pieces 
of ash fastened at the comers with glne and wood screws, the Joints 
being made as shown. Ash is the best wood for the purpose, since, if 
well seasoned, It Is less Uhely to warp than any other, but where this 
wood Is not available, maple Is a good substitute. 

A slightly more espensive, but more durable ]lg, for the same pur- 
pose to shown at F in the same engrarlng. This Jig Is made of flat 
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bar Bteel riveted together, and is of the same general construction as 
the wooden one. 

Oa^B for AIlKulnB' OperatioiiB 
A gage may briefly be defined aa any standard of comparison ; aa. 
here used, the term gage will have reference to special devices for align- 
ing work without the employment of ordinary tools such as a combi- 
nation BQuare, surface gage, etc. Besides greatly facilitating aligning 
operations, the particular advantage of using gages Is that the possi- 
bility of error due to carelessness in traasterring scale measurements 
is avoided. It is assumed, however, that the gages here shown are 
Intended only for duplicate work; It would not be economy to make 
gages for allgnlug only a few pieces. 
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Turning back to Fig. 26, F repTeseiiU a simple gage for aligning 
bracket O on the bottom ot a turret lathe bed. The regulrementB are 
that face H of the bracket must be a certain definite dlBtanca from 
seat J on the bed, but the alignment in a longitudinal direction is non- 
euenttal. The gage merely consists ot two pieces; a straightedge J, 
planed only on one side and one end, and a gage which is fastened to 
the end of the straightedge as shown. As surface L on the bed lies In 
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the same plane with seat J, the straightedge Is made long enough to 
reach this surface, thereby obtaining greater accuracy In the align- 
ment Bolt hole 3f. already tapped, is utilized for clamping the gage. 
In aligning the bracket. Its face Is brought Into contact with the gage, 
and the bracket 1b then set longitudinally to match Its seat on the bed. 
Another gage, or more properly speaking, a pair of gages, tor align- 
ing a feed-box on the turret lathe bed shown In the lower part of the 
same engrarlng. Is shown at N. The reqalrement of the present case 
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la simply that tbe feed-box shaft hole O be located a certain definite 
distance from the top of the bed; seat P on the bed takes care ot the 
center distance from hole Q. It la obvloua then, that the gage castings 
R should only provide a positive locating surface with reference to the 
tup of the bed; this Is accomplished In the manner shown. The location 
endwise la determined by scale measurements from the end of the bed. 
An aligning operation on a vertical boring mill bed. and the gage 
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used, is Illustrated In Fig. 2S. Tbie boring mill is of the bevel gear 
driven type, In which the pinion meshing Into the table bevel gear Is 
carried on the driving shaft in bracket A. The problem of allgnliiK this 
driving shaft bracket with reference to the spindle hole B In the bed, 
is easily solved by using gage O. As will be seen, this gage consists 
ol a bar D planed on two sides, E and F; a bushing Q fitting the spindle 
hole; and two gage pieces H and H,. A special arbor J, having l»th its 
ends ground to the same diameter, fits bracket A. 
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Wben In use, a line wire J is stretched across the bed by me&ns of 
weights K. This wire lies in a small groove or mark planed In the 
bed for the donble purpose of squaring the gage and setting the hous- 
ings. Square h is used in setting the gage before It la clamped by 
means of clamps M, m that when the bed memberB are assembled, the 
drlTlng abaft will be approximately square with the bousing faces. 
With the gage In this position, brachet A is set so tbat Its arbor Just 
touches the gage blocks H and Hi. The location with reference to the 
distance from spindle hole B In the bed Is determined by simply bring- 
ing the hub face N on bracket A. Into contact with the side of gage 
block S. After the operation of marking off the tap holes in the bed 
is accomplished, and the holes are drilled and tapped, bracket A Is 
reset in the same manner and clamped b7 Its bolts, for drilling and 
reaming the dowel pin boles. 

Laylnf-out and Aligmlnr Operations without th« Us« of 
Special Tools and Applianoes 

In the absence of special tools and appliances for laylng-out and align- 
ing operations, the principal points to be observed are the selection 
a proper starting point from which to lay out all dimensions, the e 
ployment of eflicient means to compensate for the deflection In hori- 
sontal aligning arbors when the bracket seats lie In a vertical plane, 
1. e., when It is Impracticable to place the bed; of a machine In such a 
position that the bracket seats will lie In a horizontal plane and thus 
carry the bracket members unsupported; and the avoidance of assemb- 
ling all the correlated members together for the laylng-out operations. 

The llrst two points brought out above are exemplified In the align- 
ing operations on a vertical boring mill of the spur pinion driven type, 
which Is Illustrated in Fig. 29. The operations Involved are the align- 
ment of the driving pinion bracket A, the driving shaft bracket S, the' 
feed shaft bracket 0, and the housings; only one housing D is shown. 
The bubs on the brackets have clearance In cored holes In the bed. It 
is the general practice to bore out the table spindle hole E. and table 
gear pinion hole F, by means of a boring Jig, previous to aligning the 
brackets; hole F In the bed is then used as a starting point for the 
aligning operations. 

For convenience In setting bracket A. which forms the lower bear- 
ing for the table driving pinion, and also carries Inner bearings O and 
H for the driving and feed shafts, the bed casting is turned bottom 
side up, the process being as follows: The table pinion Is placed in 
position In Its hole F, for the purpose of centering the bracket; next 
the driving shaft I la put In place In its bearing O, and then the bracket 
is squared with seat J by means of a square held against the seat and 
the shaft. This setting is tor marking oft the bolt holes In the bed, 
and after the drilling and tapping Is accomplished, the bracket Is reset 
In the same manner as before and clamped by its bolts; then the dowel 
pin boles are drilled and reamed, and the pins fitted. 

The nest logical step Is to turn the bed right side up and place 
reference lines on seats J and K respectively. A separate operation 
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Involves placing reference lines on the bracket members B and C. The 
reference lines represent, on each separate member, tbe outside di- 
ameter of tbe shaft used In aligning; then. In assembling the bracket 
members on the bed for the aligning operations, It Is slmplr necessary 
to match the lines on the brackets with those corresponding on the bed. 
During this operation tbe brackets are supported on screw-Jacks. This 
method of setting brackets illustrates the second point stated above, 
tbe employment of efflcient means to compensate (or the deflection in 
aligning arbors when the bracket seats lie In a vertical plane; another 
point at advantage, however. Is that this method Insures proper align- 
ment of the shafts, any inaccuracy In tbe machining of the seats being 
immediately apparent when the members are assembled. For instance, 
another method o(' setting the driving shaft bracket would simply be 
to place the bracket in position on Its shaft, support it on screw-jacks, 
and then shift tbe bracket around until a feeler Indicated that all sldeq 
uf the bracket were tight against its seat on the bed, attention being 
paid, of course, to tbe location of the back-gear hole L with reference 
to tbe top of the bed. With this method it would be possible to have 
all sides of the bracket tight against the bed as Just explained, but In 
the event of the bracket seat not being perfectly BQuare with the hole, 
the shaft would be thrown out of proper alignment with reference to 
the planing on the bed and also to bole G. 

Turning back now to the question of reference lines, the method of 
placing these lines on the driving shaft bracket ie clearly illustrated at 
M In Fig. 29, while at S is shown the same operation on tbe feed abaft 
bracket; both cases are essentially tbe same. To place lines on tbe bed 
seat /, a surface gage ta first set to the driving shaft at 0; next tbe 
gage is moved to position P and the shaft Jacked up until the surface 
gage Indicates parallelism with the top ot the bed; and then, after 
testing the shaft with a square on seat J to insure that tbe screw-jack 
Is not holding tbe shaft out of alignment sideways, a combination 
square and an ordinary square are used as shown at T. Similar opera- 
tions are involved on seat K. Permanence is given all reference llnea 
by driving a thin chisel into tbe casting directly on the line. These 
lines are indicated In the engraving by tbe letter Q. 

The housings are located on the bed with reference to bole R for 
tbe vertical feed shafL Previous to placing the housings on tbe bed, 
however, lines are drawn at S on each housing and on the bed casting, 
which lines are In the same plane as the front face of the bonslngs. 
This is accomplished In the former case by means ot a straightedge T, 
and in the latter case by laying oft on the bed tbe correct distance from 
the center line of brackets A and C. In placing the housings on the 
bed tbe corresponding lines on each member, are matched, and then 
the housings are moved so that measurement U Is correct; this meas- 
urement Is taken wltb a stratgbtedge and combination square. The 
housings are set tor tbe pinning operations In the same manner. It 
may he of Interest to state that the houstnge are first set on a large 
surface plate tor the purpose ot bolting on the arch casting and fitting 
the top-works, thus enabling the accomplishment of several operations 
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BlmultaneouBl7, as tbe cross-rail gibs also can be laid out at this ttme. 

B; observing the third principle laid down before, the avoidance of 
aBBemblmg all the correlated members lor the laylng-out operations, 
it Is often possible to advance worfc that otherwise could not be ac- 
complished. This point is lUnBtrated In Fig. 30, which shows an oil 
pumping arrangement attached to an engine lathe carriage and driven 
by a shaft carried in bearings on the back of tbe bed. This outfit 1b 
special In Its nature and Is furnished as an attachment; considering 
this fact It will be apparent that the bed member is likely to reach the 
assemblera last, and therefore the work can be greatly advanced by 
laying out and fitting up the carriage members Independently of the bed. 

After bolting tbe oil tank A to carriage B, Its bolts fitting T-slots in 
tbe carriage, the oil tank is set and then dowel-pinned, the operations 
being BO simple as to need no explanation. As bracket C Is already 
bored out on a boring mill, the first laylng-out operation Involves the 
location of stud hole D In the oil tank. Since this hole must be laid 
out with reference to surfaces B and F on the bed (surface Q on the 
carriage la merely planed for clearance) very effective use can be made 
of a jig consisting of a short bed section; but If this Is not available, 
a gage block H similar to that used in planing the carriage, can be 
substituted. A graduated try-square Is used first on surface E and then 
on surface F; the measurementB are read directly from the graduations. 
Next, tbe hole la drilled and tapped using a pneumatic drill, and then 
bracket is clamped in place by the intermediate gear I. 

Tbe next operation Involves the alignment of hole J with reference 
to surface E, the object being to provide standardization for tbe plan- 
ing of shaft bearing K and Its aeat on the bed. This Is accomplished 
by swiveling bracket C around, using stud I as a pivot, until a combi- 
nation square and scale indicate that the measurement is correct. The 
slide of the combination square rests against surface E, while Its base 
is held In contact with surface F; the scale Is then used to measure 
from the combination square slide to the center In the hole. After tbe 
bolt bales L and M are located, drilled and tapped, bolts are entered 
and the bracket Is reset for pinning; tbe clearance In the bolt boles 
permits of adjustment. 

To set the oil pnmp N It Is merely necessary to bring gears O and P 
Into proper mesh. The driving shaft brackets on the bed, one of which 
is shown at K. are located as follows: A short arbor representing the 
driving shaft Is Inserted In the bearing hole, and then the measurement 
Is taken from surface F on tbe bed. These brackets are located and 
drilled on the bed while It Is under a radial drill for other drilling 
operations, and the bed is turned over on Its side at this time for con- 
venience. The dowel pin holes In tbe driving shaft brackets are not 
drilled until all the parts are assembled on the bed; then the final 
alignment Is accomplished by moving the carriage close to each bracket 
alternately and slackening off the bolts, thus allowing the adjacent 
bracket to be self-aligned, after which the bolts are tightened for the 
pinning operations. 
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Layioff Out Angles 
In machine tool work It fTeQuentlj' becomee necessary to lar out 
anglesi and as a general rule it may be stated that a much greater de- 
gree of accuracy can be obtained by the following metliodB than la pos- 
sible by laying oil angles with the ordinary bevel protractor made for 
machine shop work. Th« correctness with which an angle can tbna 
be produced, however, naturally depends on the skill of the workman 
In working to the scribed lines and on the accuracy with which they 
have been located. It It Is not convenient to lay oO the lines directly 
on the work, the given angle or taper may be laid off on a piece of 
sheet steel, which Is then carefully flied to the lines scribed thereon. 




Scribe a straight line a, as at A. In Ftg. 31; then make two very fine 
center punch marks, E> and c, on this line, as far apart as circumstances 
will permit. At c erect a perpendicular, as od. The distance be being 
laid oft to some convenient dimension, take the tangent of the required 
angle und multiply the distance be by this tangent, nefng a table of 
natural tangents. Then, on cd lay off as accurately as possible the 
product of be and the tangent, marking It by a Sne center punch mark 
as at e on the line cd. Scribe a line through b and e; the angle ebc 
will then be the required angle. 

When the required angle Is greater than 46 degrees, it Is more con- 
venient to use the method shown at B. Scribe the line a and on It lay 
off be as long as convenient- At c erect t&e perpendicular line de. 
From a table of natural tangents take the tangent corresponding to one- 
half the required angle; multiply the distance be by this tangent and 
lay off the distance thus found on both sides of c, marking it at / and 
0. Join / and 9 to b by straight lines. The angle fbg Is the requlrad 
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When the required angle la greater than 90 degrees, Instead ol lay- 
ing off that angle, tta supplement Is laid off. Subtract the required 
angle Jrom ISO degrees and la? off the angle thus formed. Thus. If the 
required angle Is 110 degrees, lay off the angle bac. as at C. Fig. 31, 
equal lo ISO degrees ^IIO degrees :r= TO degrees by the method Illus- 
trated at B. The angle dab Is then 110 degrees. All other factors re- 
malDlng as before, the accuracy attainable will be greater as the base 
line, as be, at A and B, or ac, at C. Is made longer. 

The laylng-out and aligning operatlonE on machine tools require, as 
ne have seen, a thorough understanding of the purpose of the various 
parts making up the machine, and the accuracy required In their align- 
ment. Besides this, a general knowledge of elementary geometry is 
not only helpful but In many cases almost Indispensable. The ex- 
amples of aligning operations given In tbe present treatise are, of 
course, Intended to be primarily of suggestive value. Individual Judg- 
ment will have to be used In each particular case, and definite rules 
cannot be laid down that would be applicable under all conditions, Tbe 
general outlines presented above, however, and tbe simple methods 
given for the laying out of angles wtll be found useful In operations of 
tbla kind not only on machine tools but on all classes of machinery 
where the accuracy of tbe alignment of interdependent parts la neces- 
sary for tbe successful working of the machines. 
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Studenta vhose knowledge of elemantair arithmetic and Its applica- 
tion to simple problems la too limited for Intelligent study of this 
treatise, are advised to first study Machinist's Jig Sheets 5A to 15A, 
Inclusive, Common Fractions and Decimals, and Mackihebt's Reference 
Series No. 18, Sliop Arithmetic for the Machinist. Not until tbe prln> 
clples of elementary arithmetic and Its application to simple shop 
problems are well understood can the student expect to derive the full 
beoefit from the study of the present book. 
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SQUARE ROOT 

The Eqnare at a nnmber ia the product of that number multiplied 
br Ilaelf. The aqnare of 2 Is 2 X 2 = 4, and the sauare of 10 1b 10 X 
10 = 100; similarly the wjuare ot 177 Is 177 X 177 = 31.329. Instead 
of writing 2 X 2 for the square of 2, It Is often written 2", which 1b 
read two ignore, and means that 2 Is multlpUea br 2. In the same 
way 128* means 128 X 128. The small flgure f) in these expressions 
is called exponent. 

The square root of a number Is that number which, when multiplied 
by Itself, will give a product equal to the given number. TbuB, the 
square root of 4 Is 2, because 2 multiplied by Itself gives 4. The square 
root of 25 Is 6; of 36, 6, etc We may say that the square root la the 
reverse of the square, so that If the square of 24 Is 576, then the square 
root of 576 Is 24. The mathematical sign for the square root is v' , but 
the indi'j: figure (') la generally left out. making the square-root sign 
simply V, thus: 

V4 = 2 (the square root of four equals two), 

V100:=10 (the square root of one hundred equals ten). 

The operation of flndlng the square root of a given number Is called 
extracting the square root. 

Assume that the square root of 119,716 Is to be found. Write the 
number as below, leaving space for the figures of the root as shown. 
Beginning at the unit flgure (the last flgure at the right of a whole 
number), point ofT the number Into periods of two figures each. Should 
there be an odd number of flgures la the given number, the last period 
to the left will, of course, have only one flgure. 
irS7'16 I Space for root. 

Now find the greatest whole number the square of which does not 
exceed the value of the flgures In the left-hand period (11). and write 
this number as the flrst figure of the root. In the example this number 
Is 3, the square of which is 9. Subtract this square from the left-hand 
period, and move down the next period ot two figures and annex It to 
the remainder, thus: 

ll'»7'16 I 3 

297 
Now multiply the flgure ot the root obtained by the constant 20 
which Is always used when extracting the square root by this method 
(3 X 20 =3 60), and flnd how many times this product Is contained In 
the number 2S7. This gives us a trial flgure for the second flgure of 
the root; 60 Is contained 4 whole times In 297, and 4 la, therefore, 
placed as the next flgure o( the root. 
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11'97'16I34 
3X3=9 

8 X 20 = 60 297 
Now subtract from 297 tbe product of 60 plus the figure of tbe root 
Just obtalDed <4), multiplied by the same flgure (4) ; (60 + 4) X 4 = 
256. If this product were larger than 297 It would Indicate that the 
trial figure Is too large, and a figure one unit smaller should be used. 

Then move down the next period or two figures and annex It to tbe 
remainder. 

Il'9n6|34 
3X3=9 



4116 
Now muUlpI]' the figures ot tbe root thus far obtained by 20 (34 x 20 
^ 680), and find how many times this product Is contained In 4116. 
This gives us a trial figure for the third figure ol the root; 680 la con- 
tained) 6 times in 4116, and 6 Is therefore placed as the third figure of 
the root. Then subtract from 4116 the product of 6B0 plus the figure 
of tbe root Just obtained (6), multiplied by the same figure (6). 
11'97'16 I 346 



34 X 20 = 680 



If, as In tbe present case, this last subtraction leaves no remainder, 
and If there are no more periods of figures to move down from the 
given number, tbe obtained root 346 Is tbe exact square root of 119,716. 

II there is a remainder when the last period of figures has been 
moved down, place a decimal point after the figures already obtained 
in tbe root, annex two ciphers (00) to tbe remainder, multiply the 
number so far obtained in the root by 20, and proceed as before until 
a BUlBclent number of decimals have been obtained to give the root 
with Bufllclent accuracy. 

Example: 

V2r,\ II.IR 
1 X 1 =1 ■ 

1 X 20 = 20 25 
(20-f-l) X 1= 21 
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It vill be seen from the calculation tbat when multiplying by tbe 
constant 20, the decimal point 1b disregarded, and the Ogaree obtained 
tn the root considered as a whole number. The decimal point must, 
however, be placed in the root as already explained before annexing the 
two first ciphers (not in the given number) to the remainder. In order 
to give a correct value to the root. 

When extracting the square root of a decimal fraction, or when the 
square root of a whole number and a. decimal Is required, always point 
oS botit the whole number and the decimal In periods of two figures each, 
beginning at the decimal point, thus: 

2'1T63.66'78'5 

If the number of decimal places Is not an even number, the period 

to the right will have only one figure instead of two. By placing a 

cipher after the decimal In such cases, tbe last period Is made complete 

without changing the value of the number, thus: 

3'17'63.56'78'50 

It should be borne In mind that the pointing off of periods of two 
figures. each should always be "begun at tbe decimal point, both tor the 
whole numbers and for tbe decimals. Thus, for Instance, the pointing 
oil In the first line below Is correct, while tbe pointing oS in the second 
line is incorrect: 

Correctly pointed oft; 0.76'34'5 3'26.76'* 

Incorrectly pointed off: O.T'63'45 32'6.7'E4 

When extracting the square root of a decimal traction, the decimal 
point ia placed in the root when the first period of decimals is moved 
down. 

Exampte: 

B.Trai I 2.39 
2X2=4 — 



When It is found that the next figure In tbe root Is a cipher, place 
It as usual In the root, and move down the next period of two figures, 
in all other respects following the procedure already explained. 

ExatnpJe: 

»'12'04|302 
3X3=9 

3X20 = 60 ) ,,„. 

(600+ 2) X 2= 1204 

The square root of a common fraction may be obtained by extracting 
the square root of both numerator and denominator, thus: 
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ISS i/25 



jSS i/25 
^49 i/49 



Wben tbe terms o( the tractioD are not perfect Bquares (squares of 
whole numbera), It Is preferable to change the conunon fraction to a 
decimal fraction, and extract the sqnare root of thla. 

Wben there Is no remainder after all the perlonls of figures In the 
given number have been moved down, and the last figure of the root 
found, the calcnlatton may be proved br multiplying the root by Itself, 
In which case the product must equal the number given, of which the 
square root has been extracted. If there is a remainder, the figures 
obtained do not represent the exact root, but a cloee approximation; 
if this approximate root Is multiplied br Itself, the product should 
very nearly equal the given number; If not, an error has been made. 



CHAPTER J I 



CUBE BOOT 

The cube of a number Is tbe product obtained If the number Itself 
Is repeated as a factor three times. The cube of 2 Is 2 X 2 X 2 = 8, 
and the cube of 12 Is 12 x 12 X 12 = 1,728. Instead of writing 2 X 
2 X 2 tor the cube of 2, It la often written 2', which Is read "two cube." 
In the same way 128' means 128 x 128 x 128. The small figure (') 
in these expressions is called exponent. An expression of the form 18* 
may also be read the "third power of 18." 

In the same way as square root means the reverse of square, so cube 
root means the reverse of cube; that Is, the cube root of a given num- 
ber la the number which. If repeated as factor three times, would give 
the number given. Thus the cube root of 27 la 3, because 8x3X3 = 
27. If the Qube of 15 Is 3,375, then the cube root of 3,375 Is, of course. 
16. The mathematical sign for the cube root Is ^^thna: 
^64 = 4 (the cube root of sixty-four equals tdur), 

^4096 = 16 (the cube root of four thousand nlnety-slx equals sixteen). 

In the case of all roots, except the square root, the Index, or the 
■mall flgnre in the radical sign ( V ) , must he given. 

Assume that the cube root of 80,621,568 Is to be found. Write the 
number as below, leaving space for the figures of the root as shown. 
Beginning at the unit figure (tbe last figure at the right at a whole 
number), point oft the number lato periods of three figures each. Ac- 
cording to the total number ot figures In the given number, the last 
period to the left will, of course, have one, two or three figures. 
SO'621'568 I Spa ce for root. 

Now find the greatest whole number, the cube of which does not ex- 
ceed the value of the figures in tbe left-hand period (80), and write 
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thl8 number as the flrat figure In the root. The cube ot 4 Is 64 (4 X 
4X4 = 64), and the cube of E la 125 (5 X G X 5 = 125). Hence 4 Is 
the greatest whole number, the cube of which does not exceed 80, and 
4, therefore, Is the flrst figure of the root. Subtract the cube of 4 from 
the left-hand period and move down the next period of three flgnres, 
and annex It to the remainder, thus: 



16621 
Now multiply the square of the figure In the root b? the couetant SOO, 
which la always used when extracting the cube root by this method 
(4' X 300 = 4 X 4 X 300 = 4,800), and find how manr times this* 
product Is contained In the number 16,621. This gives us a trial figure 
for the second figure of the root; 4,S00 1b contained three whole times 
In 16,621, and S is therefore placed as the next figure of the root: 
80'621'56S I 43 
4X4X4 = 64 

4>X300 = 4,B00 16S21 
Now subtract from 16,621 the sum ol the following products: 

1. The sqtiare of the figure or figures already obtained In the root, 
excepting the last one, multiplied by 300, and this product multiplied by 
the figure Just obtained in the root, thus: 

4' X 800 X 8 = 16 X 800 X 3 = 14,400. 

2. The figure or Oguree already obtained In the root, excepting the 
last one, multiplied by 30, and this product multiplied by the square of 
the last figure obtalnod, thus: 

4X80X3'=:4X30X9 = 1,080. 

3. Tbe cube of the last figure obtained, thus: 

8' = 3 X 8 X 3 = 27. 
The method followed will be understood by studying the example and 
comparing the different quantities with the worded explanations Just 
given. If the sum of these various products Is larger than 1S,621, It 
Indicates that the trial figure Is too large, and a figure one unit smaller 
should be used. 

Now more down the next period of three figures, and annex It to 
the remainder. 

80'621'56S I 43 
4 X 4 X 4 = 64 

4' X 

4' X 300 > 

1114568 
Multiply the square of tbe figures ot tbe root thus far obtained by 
300 (43* X 800 = 48 X 43 X 300 = 654,700), and find how many 
times this product Is contained in 1,114,5GS. This gives a trial figure 
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for the third flsure of th« root; 55t,700 Is contained two times In 
1,114,668, and 2 Is therefore placed as the third figure of the root Now 
subtract from 1,114,668 a sum made up of the three products previously 
given, and shown In the example below: 



4" X 300 X 3 + 4 ; 

43' X 300 = 554,700 111456S 
43' X 300 X 2 + 43 X 30 X 2* + 2'= 1114568 

If, ae tn the present case, this last subtraction leaves no remainder, 
and If there are no more periods of figures to move down from the 
given number, the obtained root 432 Is the exact cube root of 80,621,568. 

If there is a remainder when the last period of three figures has 
been moved down, place a decimal point after the figures already ob- 
tained tn the root, annex three ciphers (000) to the remainder, multi- 
ply the BQuare of the number thus far obtained In the root by 300, 
and proceed as before until a sufllclent number of decimals have been 
obtained to give the root with sufficient accuracy. 

ExampJe: 

I'Sie 1 12.2 
1X1X1=1 

1' X 300 = 300 816 
1' X 300 X 2 -I- 1 X 30 X 2' -f 2'= 728 



It should be noted In these calculations that when squaring the Qg- 
ures thus tar obtained In the root, and multiplying by the constant 
300, the decimal point Is disregarded and the figures obtained In the 
root considered as a whole number. The decimal point, must, how- 
ever, be placed in the root as already explained, before annexing the 
first three ciphers (not In the given number) to the remalndsr, in 
order to give a correct value of the root. 

When the cube root of a number containing a whole number and a 
decimal Is required, always point oD both the whole number and the 
decimal In periods of three ftgnres each, beginning at the decimal point, 
thus: 

83'87B'731.56376 

It the number of decimal places fs not evenly divisible by three, the 
period to the right will have only one or two figures Instead of three. 
By placing one or two ciphers after the decimal In such cases, the last 
period is made complete without changing the value of the number, 
thus: 

83'676'731.663'750 
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It should tw borne In mind that the pointing oR of periods of three 
flgores each ahonld always be begun at the decimal point, both tor the 
whole number and for the decimals. Thus, tor Instance, the pointing 
off In the first line below Is correct while the pointing oH In the second 
line Is Incorrect: 
Correctly pointed off: 0.766'354'3 2'76B.3B4'2 

IncorrecUy pointed off: 0.7'653'e43 27'e6.3'542 

When extracting the cube root ot a decimal fraction, the decimal 
point la placed In tlie root when the first period of decimals Is moved 

When It Is found that the next figure in the root is a cipher, place 
It as usual In the root and move down the next period of three figures. 
In all other respecta following the procedure already explained. 

The cube root of a common fraction may be obtained by extracting 
the cube root ot both the numerator and denominator, thus: 

, I 27~ ^^r 3 
*^ 1000 ^iooo 10 

When the terms of the fraction are not perfect cubes {cubes of 
whole numbers), it is preferable to change the common traction to a 
decimal fraction and then extract the cube root. 

When there is no remainder after all the periods of figures In the 
given number have been moved down, and the last figure of the root 
found, the calculation may be proved by repeating the root as a factor 
three times, in which cose the product must equal the number given, of 
which the cube root has been extracted. It there Is a remainder, the 
figures obtained do not represent the exact root, but a close approxima- 
tion. If this approximate root is repeated as a factor three times the 
product should vera nearlv equal the given number; If not, an error 



CHAPTER III 



THB USE OF FOBUULAS 

In mathematical and mechanical books and treatises, as well as In 
articles containing calculations published In the engineering Journals, 
formulas are used to a great extent instead of rules expressed In words. 
In these tormolas, stgne and symbols are used in order to condense Into 
a small space the essentials of what would otherwise be long and cum- 
bersome rules. The symbols used are generftlly the letters In the 
alphabet, and the signs are simply the ordinary signs tor arithmetical 
calculations, with some additional ones necessary for special purposes. 
Letters from the Greek alphabet are commonly used to designate 
angles, and the Greek letter r (pi) Is always used to Indicate the pro- 
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portion of the circumference of a circle to Ita diameter; r, therefore, Ii 
always. In formulaa, eqtial to 3.1418. The moat commonlr used Qreek 
letters, twsldes r, are a (alpha), p (beta), and 7 (gamma). 

Knowledge of algebra Is not necessary In order to make possible the 
sncceesful use of formulae tor the solving of problems such as occur 
In ordlnaiT shop practice; but a thorough understanding of the rules 
and processes of arithmetic Is very essential. The symbols or letters 
used In the formulas simply stand In place of the actual figures or 
numerical values which are Inserted In the formula In each speciflc 
esse, according to the reaulrementa of the problem to be solved. When 
these values are Inserted, the result required may be obtained by simple 
arithmetical processes. 

There are two main reasons why a formula Is preferable to a rule 
expressed In words. Firstly, the formula Is more concise, It occupies 
less space, and It Is possible for the eye to catch at a glance the whole 
meaning of the rule laid down; secondly, It Is easier to remember a 
short formula than a long rule, and it Is, therefors, of greater value 
and convenience, as It is not always possible to carry a handbook or 
reference book about, but the memory must be relied upon to store up 
a number of the most frequently occurring mathematical and mechani- 
cal rules. 

The use of formulas can be explained moat readily by actual ex- 
amples. In the following, therefore, a number of simple formulas will 
he given, and the values will be Inserted so as to show. In detail, the 
principles Involved. 

Examplt 1. — Wben the diameter of a circle Is known, the circumfer- 
ence may be found by multiplying the diameter by 3.1416. This rule, 
expressed as a formula, is: 

C = D X3.141S 
In which C:= circumference of circle, 
D:= diameter of circle. 

This formula shows at a glance that no matter what the diameter of 
the circle be, the circumference Is always equal to the diameter times 
3.1416. Let It be required to find, tor example, the circumference of a 
circle 24 Inches In diameter. If, then, we Insert 24 In place of D la 
the formula, we have: 

0=2* X 3.1416^75.3984 inches. 

Hence, our formula gives, by means of a simple multiplication, the 
result required. 

Asanme that the diameter of a circle Is 5.13 Inches. The circumfer- 
ence of this circle is found by Inserting this vslue Instead of D In the 
formula: 

C=&.13 X 3.1416 = 16.1164 inches. 

ZxampJe 3. — In spur gears, the outside diameter of the gear can be 
found by adding 2 to the number of teeth, and dividing tbe sum ob- 
tained by the diametral pitch of the gear. This rule can be expressed 
very simply by a formula. Asstime that we write Z> for the outside 
diameter of the gear, H tor the number of teeth, and P for the diam- 
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etral pitch. Then th« formula would be: 
N + 2 
~ P 
This formula reads exactl; as the rule glTen above. It sare that the 
outside diameter (D) of the gear equals 2 added to the number of 
teeth iH), this sum divided bj the pitch (P). 

If the numtwr of teetb In a gear la £6 and the diametral pitch 4, then 
simply put these flgurea In the place of N and P in tlie formnla, and 
find the outside diameter aa In ordlnarr arithmetic. 

26 + 2 28 
_ ^ _ ^ _ . 

D, or the ontald& diameter, then, la 7 Inches. 

In another gear the number of teeth la 62 and the pitch 8; find the 
outside diameter of the gear. 

62 + 2 64 

D^ — = — = 8 Inches. 

8 8 

From the examples given It will be seen that In formulas, each letter 
stands for a certain dimension or quantity. When using a formula for 
solving a problem, replace the letters In the formula by the equivalent 
llgurea given In a certain problem, and find the result by means of 
regular arithmetical calculation. 

Example 3. — The formula tor the horsepower of a steam engine ta 
as follows: 

PXiX A XW 

H.P. = 

33,000 
In which H. P. = Indicated horsepower of engine, 

P=mean effective pressure on piston In pounds per square 

Inch, 
L^ length of pleton stroke In feet, 
A ^ area of platon m square Inches, 
N = number of strokes of platon per minute. 
Assume that P = 120, I, = 2, A = 320 and W = 160; what would 
be the horaepower? 
If we Insert the given values In the formula we have: 
Ox 160 

= 372.36 

33.000 

In formulas the sign for multiplication (x) Is often left out be- 
tween letters, the values of which are to be multiplied. Thua AB 
means JLy.B, and the formula 

P X I. X A X AT PLAH 

can also be written 

33,000 33,000 

Thus, If A = 6 and B = 7, then: 
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AB = A. X B = S X 7 = 42. 
It A = 9, B = a and C = 1. then: 
• ABC = AXBXC = 9X6X7= 378. 

It Is only the muUlpllcatlon sign ( X ) that can be thus left out be- 
tween the fiTniboU or letters In a formula. All other signs must be 
Indicated the same ae In arithmetic. 

A parentheala ( ) or bracket [ ] In a formula means that the expres- 
sion Inside the parenthesis or bracket should be considered as one 
single symbol, or in other words, that the calculation Inside the par- 
enthesis should be carried out by itself, before other calculations are 
carried out. 
Examplei: 

B X (8 + 4) =5 X 12 = 60. 

7 X (18 — 6) + 6 (4.52 — 1.96) = 7 X 12 -(- 6 X 2.B7 = 84 + 
ie.42 = 89.42. 
In the last example above It will be seen that 7 Is multiplied by 12, 
and 6 by 2.67, and then the products ot theee two mulUpUcatloos are 
added. From the order of the numbers T X 12 H- S X 2.57, one might 
have assumed that the calculation should have been carried out as fol- 
lows: 7timesl2 = 84, plus 6 = 90, times 2.57 = 231.3. This latter pro- 
cedure, however. Is not correct, as the following rule should be applied: 
When several numbers or expresBlons are connected by the signs 
•f, — , X and -t-, the operations are carried out in the order written, 
except that oil multiplications altould be carried out before the other 
operation*. The reason for this la that numbers connected by a multi- 
plication sign are only factors of the product thus Indicated, which 
product should be considered by Itself as one number. Divisions 
should be carried out before additions and eubtractlons, if the division 
Is indicated In the same line with these other processes. 
Example* : 
4X7 + 9 — 2 x9 = 28-fB — 18=37 — 18 = 19. 
e -i- 7 X 4 = 6 + 28 = 34. 
72 -(- 3 X 8 = 72 -!- 24 = 3, 
8.5 + 16.4 -i- 4.1 — 2,5 = 8.5 + 4 — 2.5 = 10. 
But 4 X (7 + 9> — 2 X 9 = 4 x 16 — 18 = 64 — 18 = 46. 
(6 + 7) X 4 = 13 X 4 = 52. 
(72 -:- 3) X 8 = 24 X 8 = 192. 

C8.5 + 16.4) -> (4.1 — 2.5) = 24.9 -*- 1.6 = 15.58. 
In Chapters I and II the meaning of square and cube, and SQuare 
root and cube root have already been explained. The sauares and 
square roots as well as the cubes and cube roots of all numbers up to 
1,000 (sometimes up to 1,6001 are generally given in all standard hand- 
books. 
Examptef — Find the value of A in the formula 
A=\/W~+C' 
If £ = le and C = 12. 
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USE OF FORMULAS 18 

If we Insert the given values In tiie torraala, we have 

A = j/16' + 12""=v/256 + lU=i/~m= 20. 

In the same way aa we write 2* = 2 + 2, and 2* = 2 X 2 X 2, we " 
can write 2' = 2x2x2x2; and the expression 2' would mean that 
2 is repeated as a factor Ave times, or 

2' = 2x2x2x2x2 = 32. 

The expreealon 2* Is read "the fourth power of 2" and 6', "the fltth 
power of 6," etc 

In the same wa; as we mar saj that the square root meane the 
reverse of square, and the cube root the reverse of cube, so we may 
say that the fourth root to the reverse of the fonrth power; that is. It 
we want the number which repeated as a factor four times gives a 
given number, we must obtain the fourth root, or J/TTbuB \/ Sl.= 3, 
because 3X3X3x3 = 81. Similarly we write the fifth root)/f 
and i/~32 =: 2, because 2x2x2x2x2^ 32. 

The examples given indicate the principles Involved In the uee of 
formulas, and show also how easily formulas may be employed by 
anyone who has a general understanding of arithmetic. While It would 
be poBBlble to express in words all the rules required in ordinary 
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shop problems, It to very much simpler to make use of formulasi and 
In the following, formulas will be employed wherever required, and 
their use In practical work thus made clear. 

A useful application both of the nae of formulas and of the square 
and square root of numbers, Is found In the problems occurring when 
flgnrlng forming tools. 

Formulas for ClrciUar Forming Tools 

When laying out circular forming tools, such aa shown in Fig. 1, 
the cutting edge, as to well known, must be located a certain amount 
below the horizontal center line of the tool. In order to provide for 
snfllclent clearance for the cut. On account of this, the actual dif- 
ferences of diameters In the piece of work to be formed cannot be 
directly copied' In the toimlng tool. The distance ± in the piece to be 
formed must equal the distance a on the fonalng tool, hut as this latter 
distance Is measured In a plane a certain distance b below the hori- 
zontal ptone through the center of the forming tool, it Is evident that 
the dlfteTences of diameters in the tool and the piece to be formed are 
not the same. A general formula may, however, be deduced, by the 
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use of elementftrr geometTy, by means of which the Tarloue diameters 
of the forming tool ma? be determined 1( the largest (or smallest) di- 
ameter of tbe tool, the amount that the cutting edge la below the cen- 
ter, and, of course, the diameters of the piece to be formed, are known. 
If K^the largest radius of the tool, 

a ^difference in radii of steps In the work, and 

&^ amount cnttlng edge Is helow center, 
than. If r be the radius required, 



r = Vd i*' — B= — o)' + 6* 
If the smaller radios r Is given and tbe larger radius R eougbt, the 
formula takes tbe form: 



R = \/{l. r^ — 6- + o)' + f 

Suppose, tor an example, that a tool Is to be made to form the piece 

in Fig. 2. Assume th&t the largest diameter of the tool Is to be 3 




Inches, and that the cutting edge Is to be ^ Inch below the center of the 
tool. Tben the diameter next smaller to 3 Inches la found from 
the formulas given by Inserting the given values: A =: 1^ Inch, 
6 ^ >4 Inch, and a ^ ^ Inch (half the dllference between 4 and 3^ 
Inches; see Fig. 2). 
Then 

r = \/Wm)' ^iy-i)' + ii)' = Vd !T-i)* + i', = - J- 

= 1.2B4 Inch. 

While the formula looks complicated, by means of a table of squares 
the calculations are easily slmpllfled and can be carried out in three or 
four minutes. The value of r being 1.254 Inch, the diameter to make 
the smaller step of the formfng tool will be 2,B08 Inches, Instead of 2^4 
Inches exact, as would have been the case if the cutting edges had been 
on the center line. 
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CHAPTER IV 



TIME REQUIRED FOR DBILLINa, MHJJNG 
AND PLANINO 

In Machinebx'b Reference Series No. IS, Sbop Arithmetic for the 
Machinist, a rule Is given for calculating the time required tor turning 
in tbe lathe, with a given feed. In this chapter, rules and formulas 
will Ik given for calculating the time required for drilling, milling 
and planing. 

The feed of a drill In the drill press is the downward motion of the 
drill per revolution. The feed of a milling cutter la the forward move- 
ment of the milling machine table (or each revolution of the cutter. 
Sometimes the feed is expresaed as the distance which the drill or tbe 
milling machine table moves forward in one minute. In order to avoid 
confusion, It Is, therefore, always best to state plainly In each case 
whether feed per revolution or feed per minute is meant. 
Time Bequlred for DrUllnET 

In order to calculate the time required for drilling a given depth of 
hole, tbe number of revolutions per minute of the drill, and the feed 
per revolution (or tbe cutting speed, tbe diameter of the drill and tbe 
feed per revolution) must be known. 

Assume that a 1%-lncb drill makes SO revolutions per minute and 
that tbe teed per revolution is 0.008 Inch. How long a time will It 
reQulre to drill a bole S^ inches deep? To find the number of revolu- 
tions required to drill the full depth of tbe hole, divide 6^ by O.OOE, 
obtaining the quotient 687.5 or approximately S90 revolutions. As tbe 
drill makes 80 revoluttone in one minute, we Qnd the total number of 
minutes required by dividing 690 by SO, the quotient 8.6 being the num- 
ber of minutes required to drill a hole 5\i Inches deep under tbe given 
conditions. If, in the foregoing, 

T rrz time required for drilling, in minutes, 

t=^ depth of drilled hole, in inches, 

J? ^number of revolutions per minute of the drill, 

F^teei per revolution, in inches, 
then 

L 

N XP 

Expressed as a rule, this formula would be: 

To find the time required to drill o hole to a given depth when the 
feed per revolution of the drill, the depth of the hole, and the number 
of revolutions per minute are given, divide the depth of the hole &y 
tfte numier of revolutions per minute multiplied by the feed per r€VO- 

lUllOM. 

H tbe cutting ipeed of tbe drill and Its diameter are given I: 
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of the number of reTolutlons, the number of reTolntlona must firat be 
found before applying the formula given.* 

It the teed per minute 1b given, the feed per revolution can be tound 
br dividing the teed per minute by the number of revolutions per mln- 

The feed of drills etaould be about 0.004 loch per revolution for n 
1/18-lnch drill, 0.005 Inch for a 14-lnch drill. 0.008 Inch for a i^-lnch 
drill. 0.010 Inch for a l-lnch drill, and 0.015 inch for a 2-lnch drill. If 
the drill breaks or chips at the cutting edges, the feed should be 
reduced. 

Time Bequlred for Milliner 

The time required (or milling may be found it the number of revolu- 
tions per minute of the cutter, and the feed per revolution (or the cut- 
ting speed, the diameter of the cutter and the feed per revolution) 
are known. If the feed per minute Is given, the feed per revolution 
can be found by dividing the feed per minute by the number of revolu- 
tions per minute. 

If the length of the cut taken in a milling machine is 8% inches 
and the feed Is 1/64 per revolution, how long a time will it take for a 
cutter making 20 revolutions per minute to traverse the workT As 
the feed per revolution Is 1/64 inch and the cutter makes 20 revolutions 
per minute, the feed per minute is 20/84 or G/ie Inch. To find the time 
required for the cutter to traverse the full length of the work, divide 
the length of the cut, g% inches, by the feed In one minute; thus: 

3 5 67 16 134 4 

8 — -<- — = — X— = - = 26 — =26.8. 

8 16 8 5 5 5 

The time required would thus be 27 mlnntes, approximately- 
If 7*^ time required (or the cutter to traverse the work. In minutes, 
L = length of cut, In Inches, 
^^revolutions per minute of the cutter, 
f = feed per revolution, in Inches, 
then 
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It will he seen that the form of this formula Is the same as that of 
the formulft (or the time required for drilling. 

If the cutting speed and the diameter ol the cutter are given In- 
stead of the number of revolutions, the latter number must first be 
found before the formula above Is applied.* 

The average feed of milling cutters per minute should vary (rom 
about 4 inches for a K-tnch mill cutting cast iron, and 1^ inch for 
the same mill cutting steel, to 1^ inch for a 6-Inch cutter on cast iron 
and K inch for the same cutter on steel. Of course, these (eeda muet 
be varied with the depth of the cut. 
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DRILLING, MILLING AND PLANING IT 

Fe«d of Planer Toola 
The feed of a planer tool la Ita sldewlae motion for each cutting 
stroke of the table or platen. If for each cutting stroke the tool-carry- 
ing head moves 1/lS Inch along the eroaa-rall, we sa7 that the feed Is 
],'l6 Inch. Sach cutting stroke necessitates a return stroke, and In 
the following, when the expression "number of strokes" Is used. It 
mf^ans number of cutting strokes. 

Time Bequlred for FlsninB' 
The time required for planing a piece of work can be calculated if 
the feed per stroke, the number ol strokes of the planer table per 
minute, and the width of the work, are known. 

Assume that a planer makes 6 strokes per minute, that the feed 
per stroke Is 3/32 Inch, and that the width of the work is 22 inches. 
Find the time required tor planing the work. 

As the planer makes 6 strokes per minute and the feed per stroke 
Is 3/32 Inch, the feed per minute is 6 X 3/32 or 9/16 inch. The tool 
must traverse 22 Inches to plane the complete work; the traverse in 
one minute being 9/16 inch, the total number of minutes required to 
traverse the work Is found by dlTtdlng 22 by 8/16. 
9 22 16 352 1 

22-: =— X — = = 39 — minutes. 

16 1 9 9 9 

The time required tor planing the work la thus 40 minutes, approxi- 
mately. 

This calculation may be summed up in the following formula, appli- 
cable to any case where the teed per stroke, the number of strokes 
per minute, and the width of the work are known 
W 

f X «" 

In this formula 

3' = time required for planing, in minutes, 
TTis width ot work, in inches, 

F = feed per stroke, In inches, 

W = number of strokes per minute. 

The formula expressed as a rule would be as follows: 

To find the time required for planing when the width of the work, 
the feed per stroke and the number of strokes per minute, are known, 
divide the vHdtJi of the.toork bj/ the feed times the number of cuttino 
strokes per minute. 
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CHAPTER V 



PULLEY AND QBAB DRIVES 

In Machinebt'b Reterence Series No. 18, Shop Arithmetic for the 
HachlnlBt, the calculations tor simple and compound gear drtvea and 
simple puller drives are treated. In this chapter some epecla] cases 
ot compound pulley drives and comhlned pulley and gear drives will 
be considered. 

Compound Pulley Speeds 

In Fig. 8 are shown four pulleys of which the two pulleys B and C 
are keyed to the same sbalt Pulley ± is the driving pulley and drives 
pulley B; pulley 0, on tile same shaft as B, Is also a driving pulley, 
and pulley D. a driven pulley. The rules and formulas for compound 




gearing can be directly applied to pulleys arranged in this manner 
by simply substituting in the formulas the diameters ot the pulleys, 
in inches, tor the numbers of teeth In the gears. Thus, to find the 
revolutions per minute of the driven pulley D when the diameters 
of all the four pulleys and the number of revolutions of pulley A. are 
given, the formula below is used: 

product of diameters 
ot driving pulleys 

product ot diameters 
ot driven pulleys 

If the numbers ol revolutions of the shafts on which pulley A and 
pulley D are mounted, are given, and it Is required to Sod the diam- 
eters of tour pulleys which will transmit motion from pulley J. to 
pulley 1) at the given speed ratio, we proceed in the same way as when 
finding the number of teeth In gears tor transmitting a given motion.* 
Find the speed ratio 6;/ writing the ntimber of revolutiont of the 
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dHvtnir puIJev Of the numerator and the number oj revolutlMu in the 
driven pttllev at the denominator of a fraction, and reduce this /rao- 
tfon to it$ tovKst terms. Then divide Jnth the numerator and denomi- 
nator in the fraction giving the ratio in two factors, and multiply each 
"pair" of factor* &v the tame niwrtBer until putlejit vAth lultable diam- 
eters are found. (One Factor In the numerator and one in the denomi- 
nator are coneldered as "one pair.") 

Aaaume that the number of revolutions per minute of the shaft vlth 
pulley A is 260, and that it Is required to drive the shaft on which 
pnlley D Is mounted at 720 revolutions. What diameters of pullers 



can|be used? The fraction 



reduced to Its lowest terms 1b 




|. The speed ratio, therefore. Is — . Now, follow- 



ing the rule given above: 
- 13 1 X13 



(1X12) X (13X1) 



12 > 



36 2 X 18 (2 X 12> X (18 XI) 24 X 18 

The pulleys In the numerator, with 12 and 13 Inches diameter, are 

the driven pnlleya B and D, and the pullers In the denominator, with 

IS and 24 Inches diameter, are the driving pullers. The rule above 

reduced to a formula would be: 

ratio of speed of the product of dlam. of driven pulleys 

first driving pulley to ^= 

the laet driven pulley product of diam. of driving pulleys 

Combined Belt and Oear Drive 

In Fig. 4 Is shown a combined belt and gear drive, where pulley A 

drives pulley B. and gear C. which Is mounted on the same shaft as 

pulley B. drives the gear D. CalculatlonB for numbers o( revolutions 

and numbers of teeth end diameters of pulleys are carried out exactly 
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SB in the examples where we have dealt excIuBlvel? with gears or exclu- 
sively nlth pulleys. WJien dealing with the pulleys we uae the diam- 
eter ol tbe pulley In incbes, and when dealing with the gears, the 
number of teeth In the gears. 

Assume that tiie diameter ot pulley A Is 64 Inches and that of pnlley 
B, 18 Inches, that gear has 112 teeth, and that gear D has 78 teeth. 
If pulley A mabeB 39 revolutions per minute, bow many revolutions 
per minute does gear D make? Using tbe formula for finding the revo- 
lutlone per minute previously given, we bave: 

64 X 112 

rev. per mln. = 39 X ^ 168. 

18 X78 

If tbe number of revolutions of the shaft on which pulley A ts 

mounted is 60, and the number ot revolutions required for the shaft 

on which gear B Is mounted. Is 110, what diameter pulleys and what 

size ot gears could we employ to transmit the required motion? The 

60 6 

speed ratio Is ^ — . Proceeding as b^ore, we have: 

110 11 
6 2X3 (2 X 16) X (3 X 8) 82 X 24 

11 1 X 11 (IX 16) X (11 X 8) 16 X 88 
The numbers 32 and 24 in tbe numerator of the last fraction give 
tbe diameter ot tbe driven pulley B and tbe number ot teeth of the 
driven gear D, respectively, and the numbers 16 and 88 In tbe denomi- 
nator ot tbe fraction give tbe diameter of the driving pulley A, and 
the number of teetb In tbe driving gear <7. In this case, then, pulley 
A would be 16 inches In diameter, pulley B, 32 Inebes, gear a would 
have 88 teetb, and gear D, 24 teeth. 



CHAPTER VI 



HORSEPOWER OP BELTING 

The borsepower which a belt of a given size can transmit depends 
on tbe speed with which the belt travels and the working stress advis- 
able to permit in tbe belt. The speed with which tbe belt travels, of 
course, depends on the diameter and number of revolutions per min- 
ute ot tbe pulley over which it travels, it being assumed that there is 
no appreciable slip between the belt and the pulley. If we are to find 
the horsepower a belt can safely transmit, we must, therefore, consider 
in our formulas tbe diameter of the pulley. Its number of revolutions 
per minute, and the permissible working stress In the belt. 

Let d^ diameter ot driving pulley in inches, 
v=: velocity of belt in feet per minute, 
n^ number ot revolutions of pulley per minute. 
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• Svw 0.2618 8 dnw 
33.000 ~ 33,000 
A commonlr used value tor tbe safe working stress per Inch of width 
of Binele belts Is 33 pounds. When this value is adopted, a belt one 
inch wide, traveling at a rate of 1,000 leet per minute, wilt transmit 
one horsepower. 

Example: — How man? horsepower will a single belt 2\i inches wide, 
traveling over a pnllej 12 Inches In diameter, transmit, If the pulley 
makes 200 revolutions per mlnute7 Assume the working stress at 33 
pounds per inch ot width of belt 

In this example d = 12, n=:200, S = 33 and v} = 2%. If these val- 
nes are inserted in the horsepower formula given, we have: 
0.2618 X 33 X 12 X 200 X 2.5 

H. P. = = 1.67. 

33,000 
A working stress up to 45 pounds per Inch of width of belt Is per- 
missible for single belts In good condition. If we adopt this latter 
value lor the stress, how many horsepower would the given belt 
transmit? 

We only need to change 33 In the expression above to 45, and then 
we have: 

0.2618 X 45 X 12 X 200 X 2.5 

H. P. = = 2.14. 

33,000 

It the horsepower to be transmitted Is known, the width ol belt 

required may be found by a transposition ot the given formula, aa tol- 

H. P. X 33,000 H. P. X 33,000 



Sv 0.261Si9dn 

In which formula the letters denote the same Quantities as previously 
given. 

Example: Find the width of single belt required to transmit 20 
horsepower with a belt velocity of 1,800 feet per minute? 

In this example H. P. =20. v = 1,800, and 8 may be assumed to be 
45. It we Insert these values In the given formula for width of belt, 
we have: 

20 X 33.000 

to=: = 8.1B or, say, 8^4 inches. 

45 X 1,800 
In order to reduce the width of a single belt when it becomes too 
wide, a double belt may be used. The working stress of a double belt 
per inch ot width may be assumed at from 65 to 90 pounds, the latter 
value being only for belts kept In good condition. 
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AsBuine that in the example Just given, we use a. doable belt Instead 
Of a elnglB, and asBume a vorklng stress of SO pounds per Inch ot 
width of belt. How wide, tben, would the belt be? 
Substituting 80 for 45, we daver 
20 X 33.000 

w>= = 4.E8 or.say, 4% Incbea. 

80 X 1,800 
Aa the working stress la an assumed quantity, always somewhat 
uncertain. It Is. ot course, not aecessary to retain In our formulas so 
exact a Quantity aa 0.261S. If this number Is given In round figures 
as 0.26 or 'i, we could simplify tbe given formulas as follows: 

H.P. = 

4 X 33,000 

H. P. X 83,000 X 4 

adn 

As a final example, find the horsepower transmitted by a 6-lnch 
wide double belt, working stress 75 pounds par Inch width of belt, If 
the belt transmlta power from a 4'foot pulley running at 200 revolu- 
tlons per minute. 

In this example to = 5, 5 = 76, n = 200, and (1 = 4 X 12 = 48 inches. 
If we Insert these values In our simplified formula, we hav«: 
7B X 48 X 200 X 5 

H. P. = = 27.3. 

4 X 33,000 



CHAPTER VII 



CHAHOB QBAB8 FOB OUmNG METRIO THKBABS 

Tbe metric system of length measurement is In use In practically 
all countries except in the United States, Qreat Britain and the British 
colonies. Tbe unit of length In the metric system is the meter, which 
equals nearly 39.37 Inches (or practically 39% Inches). The BulxU- 
vlslons of the meter are given below: 

1 meter ^10 decimeters, 

1 decimeter ^10 centimeters. 

1 centimeter ^ 10 mllllmetere. 

In medium and small machine design the nnit employed is almost 

always the millimeter. One millimeter equals 0.039S7 Inch; one inch 

1 

equals , or SG.4 millimeters, almost exactly. 

0.03937 
When screws are made In accordance with the metric system It Is 
not the usual practice to give the number of threads per millimeter 
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or ceatlmeter In the same way as the number of threads per Inch Is 
given In the EusUah sirstem. Instead, the lead of the thread In mllU- 
metere U given. A screw thread Is said to have 2 millimeters lead, 
3 millimeters lead, 4.5 mlUlmetere lead, etc. 

Change Qeara for Cutting Threads with Metric Pitch 

It often happens that screws and taps having threads according to 
the metric system are required. This thread can be cut ou a lathe 
having an English lead-screw, provided change gears with the required 
number of teeth are used. 

The first step In finding the change gears Is to find how manj' 
threads per inch there are in the screw to be cut, when the lead Is 
given In mlUlmeters. Assume that a screw Is required with 3 mllU- 
met«ni lead. How many threads per Inch are there in this screw? 
As there are 25.4 millimeters in one inch, we can find how many 
threads there would be in one inch. It we find bow many times 8 is 
contained in 26.4; In other words, we divide 2G.4 by 3. It Is not 
necessary to carry out the division; simply write it a& a fraction In the 
25.4 

form , which Implies that 26.4 is to be divided by 3. This fracUon 

3 
now gives tha number of threads per Inch to be cut When this frac- 
tion has been obtained, proceed as If change gears were to be found 
for cutting threads with English pitches.* Place the lathe screw con- 
stant in the numerator of a fraction and the number of threads per 
Inch to be cut In the denominator. If the screw constant of a lathe Is 

25.4 
6 and the number of threads to be cut ^~—, as previously found, the 

3 
ratio of the change gearing is 



This seems complicated, but remembering that the line between the 
numerator and denominator In a fraction means that the numerator 
Is to be divided by the denominator, we get, by carrying out this divi- 
sion; 

25.4 3 6X3 

3 " 25.4 "" 2B.4 
6X3 

The fraction is the ratio of the change gearing required, and 

25.4 
all we bave to do now Is to multiply numerator and denominator of 
this traction by the same number nntll we find suitable numbers of 
teeth tor the change gears. By trial we find that the first whole num- 
ber by which we can multiply 25.4 so as to get a whole number as a 
result. Is 6. Uultiplylng 25.4 by 5 gives us 127. Thus we must have 
one gear with 127 teeth whenever we cut a metric thread by means of 
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an English lead-Bcrew. The otber gear required In this case has SO 
teeth, because 5 x 6 X 3 =: 90. The calculation vonld be carried out 
aa Bhowu below : 

6X3X5 18 X5 90 

25,4 X 5 ~ 127 ~~ 127 ' 
What has Just been said can be ezpreaeed In the following rule: 
To find the change gears, Jor cutting jnetria pitches with an Engliah 
lead-tcreto, place the lathe Bcrew constant multiplied &]/ the number 
of millimeters lead of the thread to be cut multiplied by 5, in the 
numerator of the fraction, and 127 as the denominator. The product 
of the numfters in the numerator give the number of teeth in the gear 
on the spindle stud, and 127 is the number of teeth in the gear on the 



Written as a formnla this rule would be: 
lathe screw lead ot thread to be . teeth In spindle stud 

constant ^ cut, tn millimeters ^ gear 



127 teeth in lead-screw gear 

As an example, asHume that a screw with 2.6 millimeters lead Is to 
be cut on a latbe having a screw constant S. By placing the given 
fignres In the formula we have: 

S X 2.5 X 6 100 Bplndle stud gear 



127 127 ... . lead-aorew gear 

Compound QearinB' 

Sometimes it Is necessarjr to compound the gears because the gear 
on the spindle stud would have too many teeth, that la. It would be 
too large to be used In simple gearing. It may also happen that the 
product of the screw constant x the lead In millimeters x 5, is not a 
whole number. In which case It would be necesnary to componnd the 
gears to get whole numbers of teeth. 

The method for finding the change gears la exactly the same as the 
method for compound gears for cutting regular English pitch threads.* 

Assume that a screw of 6 millimeters lead la to be cut on a laths 
with a screw constant 8. By first applying the formula Just given, 
and then dlvidiug the numerator and denominator Into factors, each 
"pair" of which are multiplied by the same number, we find the change 
gears as follows : 

8X6X5 240 60 X 4 (60 X D X (4 X 25) 



127 127 127 X 1 (127 X D X (1 X 25) 

60 X 100 driving gears 

127 X 25 driven gears. 

In a case when the lead of the metric screw to be cut Is not a whole 
number but a fraction. It sometimes causes dlBlcnlty In dividing up 
the numerator In two factors that can be multiplied by whole num- 
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25 



bers so as to give numbers of teeth for gears which are available. 

Several trials rauat often be made. 

Assume that the lathe screw constant Is 6, and that a screw wfth 
1.25 millimeters lead is to be cut. In this case we would find the 
change gears as below i 
6 X 1.25 X 5 37.5 30 X 1.25 (30 X 1) X (1.25 X 40) 30 X '-0 



127 127 127X1 (127 X 1) X (1 X40) 

It would not be necessary to write "30 x 1" and "127 
been done tn the example above, but these numbers have 
piled by 1 simply to preserve a systematic appearance. 



127 X4 




127 127 127X1 (127 X 1) X (1 X 100) 127x100 

Cutting an English Thread with a Metric Lead-screw 
If th^s lathe has a lead-screw having metric pitch, and it Is required 
to cut a screw with a given number of threads per inch, we must Und 
the "metric screw constant" of the lathe. This Is found by placing 
gears (in simple gearing) with the same number of teeth on the spin- 
dle stud and the lead-screw of the lathe, and an idler with any num- 
ber of teeth, between them, and then cutting a thread on a piece in 
the lathe. The lead ol the thread thus cut, In millimeters, is the 
metric screw constant of the lathe. Now the method of figuring the 
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change gears wben a acrew vlth a given number of threads per Incb 
Is to be cut wltb a lead-screw of metric pltcta. Is simply tbe reverse 
of tbe method already explained for cutting a metric thread with an 
Eugllsb lead-screw. 

To find the change gears for cutting English threads with a metric 
lead^creto, place 127 in the numerator, and the threads per inch to be 
cut multlplted hy the metric screw constant of the lathe multiplied l>jf 
5 in the denominator of the fraction; 127 is the number of teeth in the 
gear on the spindle stud, and the product of the numbers in the de- 
nomijMtor give* the number of teeth in the gear on the lead-tcrew- 

This rule expreeaed as a formula would be: 

teeth In gear on spindle 
127 stud 



metric screw threads per inch „ . teeth in gear on lead-screw 

constant '^ to be cut ^ 
Assume that 5 threads per Incb are to be cut in a lathe having a 
metric screw constant of 4 millimeters. The gears are found directly 
by using the formula given: 

127 127 spindle stud gear 



4X5X5 100 lead-screw gear 

It is sometimes necessary to compound the gears In order to obtain 
gears which are found In the set of change gears provided with the 
lathe. 

Assume that 10 threads per incb are to be cut In a latbe with a 
metric acrew constant of 4 millimeters. To And tbe gears ve would 
proceed as follows: 

127 127 127 X 1 (127 X 1) X (1 X 40) 



4 X 10 X 5 200 100 X 2 dOO X 1) X (2 X «) 

127 X 40 driving gears 

100 X 80 drives gears. 

In Fig. 6 is shown tbe arrangement of the gearing wben cutting a 
screw, having 12*^ threads per Inch In a lathe witb a metric lead- 
screw, the metric screw conBtant being G millimeters. 
7 X 1 
100 X 3.125 
(127 X 1) X (1 X40) 



(100 X 1) X (3.12B X 40) 100 X 125 
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AREAS OF PLANE FIGUBES 

Squares 

The square, Fig. 7, bas four sidea ot equal length, and each of tli« 
four angles between the sides Is a right or SO-degree angle. 

The area ot the square equals the length of the aide multiplied b; 
Itself, or the square of the length of the side. If the aide of a square 
Is 14 inches, then the area equals 14 X 14 =: 196 square Inches. It the 
side Is 14 feet, then the area la 196 square teet 

If the area ot a square la known, the length of the side equals the 
square root of the area. Assume that the area of a square eQuala 
1,024 square Inches. Then the side equals VM24 = 32 Inches. 
Bectanerleft 

The rectangle, as shown In Fig. 8. has four sides, of which those 
opposite each other are of equal length, and the four angles between 
the sides are right or 90-degree angles. 

The area of a rectangle Is found by multiplying the height or alti- 
tude by the length or base. In Fig. S, B is the altitude and the base. 




Fig. 7. Sflunr. 

and tha area equate B XC. It it = 6 Inches, and C^ll Inches, then 
the area equals 6 X 11 = 66 square inches. 

If the area of a rectangle and the length of Its base are known, the 
height ts found by dividing the area b; the length of the known base. 
Either the longer or the shorter side may be considered as the base, 
the altitude being the side at right angles to the base. If, in P*ig. 8, 
the area of the rectangle Is 96 square Inches and the side C Is 12 Inches, 
then the side B = 9S -~ 12 = 8 Inches. 

One square foot equals 12 X 13 ^:^ 1*4 square Inches. If the area ia 

given )n square feet. It can, therefore, be transformed into square inches 

by multiplying by 144. If the area Is given In square inches, it can 

be transformed Into square feet by dividing by 144. 

Paralleloerrams 

Two lines are said to be parallel when they have the same direc- 
tion; when extended, they do not meet or intersect, and the same dis- 
tance Is maintained between the two lines at every point. 
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Any figure made up ot four sldee, of which those opposite are 
parallel. Is called a parallelogram. The square and rectangle are paral' 
lelogramB in which all the angles are right anglee. In Fig. 9 1b ehowii 
a parallelogram where two of the angles are less and two more than 
90 degrees. A line drawn from one side of a parallelogram at right 
angles to the opposite side ts called the height or altitude of the paral- 
lelogram. In Fig. 9, D ia the altitude, and E Is the length or hase. 

The area ot a parallelogram equals the altitude multiplied by the 
base. The area of the parallelogram, In Fig. 9, equals D x E. It £1 is 
IS inches, and E, 22 Inches, then the area equals 16 x 22 = 352 square 
inches. 

If the area and the base a^e given, the alUtude Is found by dividing 
the area by the hase. 




In parallelograms the angles opposUe each other are alike, aa Indi- 
cated In Fig. 9, where the two angles a are equal, and the two angles fi 
also are equal. 

Triangles 

Any figure bounded by three straight lines Is called a triangle. Any 
one of the three lines may be called the base, and the line drawn from 
the angle opposite the base at right angles to it Is called the height 
or altitude ot the triangle. In Fig. 10. It the side F Is taken as the 
base of the triangle, then G Is the altitude. 

If all three sides of a triangle are of equal length, as in the one 
shown in Pig. 11, the triangle Is called eguilateral. Each ot the three 
angles In an equilateral triangles equals 60 degrees. 

If two sides are of equal length, as shown tn Fig, 12, the triangle Is 
an isOKf.eles triangle. 

It one angle Is a right or 90<degree angle, the triangle Is called a 
right or riffht-angled triangle. Such a triangle Is shown in Fig. 13; 
the side opposite the right angle ts called the hypotenuse. 

If all the angles are less than 90 degrees, the triangle is called an 
acute or acuie-angled triangle, as shown In Fig. 10. If one of the 
angles Is larger than 90 degrees, as shown In Fig. 14, the triangle is 
called an obtuse or obtuae-angled triangle. 
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The sum of tbe tbree anglee In every triangle la 180 degrees. Tbe 
area of a triangle equals one-half the product ol the hase and the alti- 
tude; thna the area of the triangle shown In Fig. 10 equals % X F XO. 
If F equals 9 Inches, and O, 6 Inches, then the area equals ^ X 9 X 6 = 
£7 square Inches. 

If the area and the base of a triangle are known, the altitude can be 
found by dlTldlng twice the area by the length of the baae. If th« 
area and tbe altitude are known, the base Is found by dividing twice 
the area by the altitude. If the area of a triangle Is ISO square laches, 
and the base Is 18 Inches, then the altitude equals (2 X 180) -i- 18 = 20 
Inches, 

If the length of two sides of a right triangle, Pig. 13, are known, the 
third side can be found b; a simple calculation. 

If tbe base and the altitude are known, the hypotenuse equals the 
square root of the sum of the squares of tbe base and the altitude, or 

Hypotenuse = V (b8se)"+ (altitude)*. 





. filciit.ui«lect TriaiMclB ng. 14. Ot>nu«-uiglscl Trtiuele 

f similar formulas it the 

Ba8e = V (hypotenuse)' — ■ (altitude)'. 

Altitudes; V (hypotenuse)'— (hase)^. 

Assume that the altitude Is 3 feet and the base is 4 feet. Then the 
hypotenuse = V3'""+T = V'^(Tx"3T + U~X~i) = V' 9^+" 16 = 
V 25 = 5 feet. 

If tb« hypo tenuse Is 10 Inches and the altitude 6 iucbes, then the 
base equals V 10' — 6' = V~(10 x 10) — (6x6) = V~100 — 36 = 
\''Gi = S Inches. 

When a figure Is bounded by tour lines, of which only two are paral- 
lel. It is called a trapezoid. The height of a trapezoid la the distance 
L, Fig. 15, between the two parallel lines H and S. The area of a 
trapezoid equals one-balf the sum of the lengths of tbe parallel sides 
multiplied by the height. The area of the trapezoid In Fig. IE thus 
equals Vt X (H + E) x L. If H = 16 feet, K = 2i feet, and L = U 
feet, then the area = 3^ (16 + 24) x 14 = 2S0 square feet. 
Trapeziums 

When a figure Is bounded by four lines, no two of which are parallel. 
as shown In Fig. 16, It Is called a trapezium. The area of a trapezium 
Is found by dividing it Into two triangles as indicated by the dash- 
dotted line In Fig. 16, and finding the area of each of the two triangles, 
and adding these areas. The dotted tines In Fig. 16 Indicate the altl- 
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tud^B of tbe tvo triangles Into which the trapezium hOB been divided. 
If the dlmenBlons of tbe base and height of tbe one triangle are R and 
S, respectively, and of the other T and F, as shown In Fig. 1$, then tbe 
area of the whole trapezium would be(^xBxS) + {% XTXT). 
Assume that iZ = 20 feet, S ^ IT feet, r ^ 23 feet, and 7=9 feet, 
then the area of tbe trapezium = {% X 20 x 17) 4- (H X 23 X 9) = 
273.5 square feet. 

The Circle 

The circle Is a plane surface bounded by a curved line called tbe 
periphery or circumference, which Is at all points at an equal distance 
from a point wltbln tbe circle called the center. The distance from 
the center of tbe circle to the periphery Is the radius, and tbe distance 
across the circle through the center Is the diameter. (See Fig. 17.) 
It is evident that the radius Is one-half of the diameter. If a line Is 
drawn from one point on the periphery to anotber point, so that It 
does not pass through the center, It Is called a chord. 
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It the diameter Of a circle Is known, tbe circumference Is found by 
multiplying the diameter by 3.1416. Assume that the circumference of 
a circle Is stretched out Into a straight line by the circle rolling upon 
a flat surface and unfolding Itself, as shown in Fig. 20, then the length 
of the straight line would be three times the diameter plus a distance 
equal to 0.1416 times the diameter; or the whole length of the circum- 
ference would be 3.1416 times the diameter. As the diameter equals 
2 X radius, the circumference equals 2 X radius X 3.1416. 

It tbe circumference of a circle is known, the diameter Is found by 
dividing the circumference by 3.1416; the radius Is found by dividing 
the circumference by 2 X 3.1416. 

If 2> ^ diameter, R = radius. C := circumference, then the previous 
rules can be written as formulas, thus: 
D = 2 X K, 
C = 2X R X 3.1416. 
C = D X 3.1416. 

C C 

2 X 3.1416 ' ~3.1416* 

Instead of writing out the number 3.1416, the Greek letter r (pi) 
is often used; thus, for example. 3 ir^3 x 3.1416. 
Example: Tbe diameter of a circle is 6 Inches; find Its clrcumfer- 
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UslDg the formula given, we have: 
Circiiinlerence = 6 i< 3.1416 = 18.8496 inches. 
The clrcnmference of a circle ie 13.509 Inches; And its radius. 
13.609 

Radius = =^2.150 Inches. 

2 X 3.1416 
The area of a circle equals the square of the radius multiplied br 
3.1416; 01, the square of the diameter multiplied by 0.7854. 

If the area of a circle Is known, the radius Is found by extracting 
the square root of the quotient of the area divided by 3.1416. 




If I>^ diameter, B^ radius, A = 8: 
then A = B'X 3.1416, 
D* X 3.1416 

A = = D'X 0.7854, 



-J— 

\ 3.14H 



I 3.1416 

Examples: The diameter of a circle la 6 inches, find the area. 
Using the formula given, we have: 

Area = 6" X 0.7854 = 6 x 6 x 0.7854 = 28.2744 square Inches. 
The area of a circle Is 95.033 square Inches, find the radius. 
Uslns the formula given, w e have: 
Radius = V 95.033 ->- 3.1416 = 5.5 Inches. 

Circular Sectors 

A figure hounded by a part of the circumference of a circle and two 

radii, as shown In Fig. 18, Is called a circular sector. The angle 
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fi (beta) betneen the radii ie called the angle of the sector, and the 
lengtb L of the clrcumfereDce o( the circle Is called the arc of the 

sector. 

If H = radius of circle of whlth the sector 1b a part. 
j9 wangle of sector, In degrees, 
L ^ length of arc of sector. 
A = area of sector, 
then the formulas below are used: 
RX 0X 3.1416 2 X A 

B 





180 


ISO 


XL 


B X 


.1416 


LX 


R 



2 X A ISO X L 

L j3 X 3.1416' 

If the radius of a circle is l^^ inch, and the angle of a circular sector 
is 60 degrees, how long Is the arc of the sector? 
Using the given formula, we have: 

1^ X 60 X 3.1*16 

L = = 1.5708 Inch. 

ISO 
What is the area of tlie same sector? 
From the formula given, we have: 
1.5708 X H4 

^ -— ^ 1.1781 square Inch. 

2 

Circular Segments 

A figure bounded by a part of the circumference of a circle and a 

chord, as shown In Fig. 19, Is called a circular segment. The distance 

H from the chord to the highest point of the circular arc Is called the 

height of the segment. 

If .A ^radius, C = length of chord, L:= length of arc of segment, 
//:= height of segment, A:=area ol segment, then the following formu- 
las are used: 

C = 2 X V/f X (2 X a — II). 

C + ix IP 
}{ = , 



If the angle, p. Fig. 19, Is given, Instead of thi 
length of the arc is found by the previously give 
R X |9 X 3.1416 
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ABBnme that tbe radlua of a segment 1b 6 teet and the heigbt 8 
Inches. How long la the chord of this segment? 

First transform 5 teet Into Inches; 6 X 12 = 60 inches. Then apidy 
the formula given: 

= 2 X V~8 X (2 X 60 — 8) = 2 X V~896 = 2 X 29.93 = 59.86 
Inches. 

The length of the chord of a segment Is 16 Inches and the height 6 
Inches. How long Is the radius of the circle of which the segment is 
a partT 

Applying the formula given, we have; 

16' + 4 X 6' 256 + 144 



= 8 1/3 inches. 
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BBHiilar Poly SOBS 

Any plane surface or figure bouaded by straight lines la called a 
poli/Bon. It all the sides are of equal length and the angles between 
the sides are equal, the figure Is called a regular polygon. 

A regular polygon having five sides Is shown la Fig. 21. The length 
of each of the five sides equals 8. and each of the angles between the 
sides equals 0. 

A regular polygon with five sides is called a pentacon; one with six 
sides (Fig. 22), a hexagon; one with seven sides (Fig. 28), a heptagon; 
and one with eight aides (Fig. 23), an octagon. When a regular poly- 
gon has only three sides (Fig. 24), It becomes an equilateral triangle, 
and when It has four sides (Fig. 26) a square. 

A circle may be drawn so that It passes through all the angle-polnta 
of a regular polygon, as shown In Figs. 24 to 29 Inclusive; such a cir- 
cle (with the radius R) is said to be circiivi»cribed about the polygon. 
The smaller circle In the same Illustrations (with the radtua r) which 
touches or Is tangent to the sides of the polygon, Is said to be Inscribed 
Id the polygon. The centers of the circumscribed and InBcrlbed circlea 
are located at the some point. If the angle-polnta of the polygon are 
connected by lines with this center, as shown by the dotted lines In 
FIgB. 21, 22 and 23, the polygon Is divided up into a number of tri- 
angles of equal size and shape. The number of triangles equals the 
number of sides in the polygon. 

The angle a (alpha) of each of these triangles at the center (see 
Fig. 21) can be determined lor any polygon when the number of sides 
Is known. This angle, In degrees, equals 360 divided by the nnmber 
of Bides In the regular polygon, or ezpreaaed as a formula, If Jf equals 
the number of aides: 

360 

N 
The angle p between two adjacent sides of the polygon (see Fig. 21) 
equals a subtracted from ISO, or: 

(3 = 180 — a. 

The area of a polygon can be fonnd by dividing it Into trlanglea, as 
shown in Figs. 21, 22 and 23. After having measured tha base and 
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belght of one triangle and calculated Ite area, the area ot tbe whole 
l>olrKoi^ 'b found by multtplylng the area oF one triangle bjr the num- 
ber of triangles or sides. 

For tbe more commonly used regular polygons, the formulas In the 

following give tbe area directly when the length of the side Is known. 

Equilateral Triangle b 

The Bum of tbe three angles in any triangle equals ISO degrees, as 
already mentioned. Bach of tbe angles In an equilateral triangle, 
therefore, equals 1/3 of 180 degrees, or 60 dsgrees. 

Tbe radius r of the circle Inscribed In an equilateral triangle equals 
the side multiplied by 0.289, 

The radius R ol the circumscribed circle equals tbe side multiplied 
by 0.577. 

It the radius of tbe circumscribed circle is known, tbe side la found 
by multiplying tbe radius by 1.732. 

If the radius ot tbe Inscribed circle Is known, tbe side is found by 
multiplying the radius by 3.464. 




The area of an equilateral triangle equals the square ot the side 
multiplied by 0.433; or, the square ot the radius of the clrcumacribed 
circle multiplied by 1.299; or, tbe square of tbe radius ot the inscribed 
circle multiplied by E.196. 

If r:=radius of inscribed circle, 
A:= radius of circumscribed circle, 
£ ^ length ot side, 
jl^^area of equilateral triangle, 
then the previous rules may be expressed is formulas as follows: 

r= 0.289 X 8. 

K = 677 X S. 

«=J.732 X fi = 3.464 X r. 

A = 0.433 X S* = 1.289 X B* = 6.198 X r*. 
The SQuare 

Each of tbe angles between the sides ot a square la a 90-degree or 
right angle. 

The radius of the Inscribed circle equals one-half of the aide. 

The radius of the' circumscribed circle equals tbe side multiplied by 
0.707. 

Tbe side ot a sanare equals twice tbe radius ot tbe Inscribed circle, 
or 1.414 tlmee tbe radius ot tbe circumscribed circle. 
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The area equals the square of the aide. The area also equals the 
square of the radlue of the circumscribed circle multiplied by 2; or, 
the square of the radius of the Inscribed circle multiplied by 4. 

Using the same meaning for the letters as before, the previous rules 
mar be expressed In formulas as follows: 
r = O.E XS, 
R = 0.707 X B, 
S = \AU xR = 2xr. 
A = S" = 2 X R' = i X r*. 

The Pentavon 
In the penUgon {Pigs. 21 and 26) the angle /9 between the sides 
equals 108 degrees. This is found by the formulas previously given as 
shown below: 
N := number of Bides = 5. 
360 360 

a =: — — - = ^ 72 degrees. 

H 6 

T2=;108 degrees. 




The following formulas are used for finding the radii of the cir- 
cumscribed and inscribed circles, ths side and the area of regular 
pentagons : 

r = 0.68S X S. 

it = 0.851 X S, 

a = 1.176xB = 1.153 Xr, 

A = 1.720 X S* = 3.378 X iP = 3.633 X f. 
The Hexagron 

In the hexagon (Figs. 22 and 27) the length of the side ft equals the 
radius R of the circumscribed circle so that each of the six triangles 
formed, when lines are drawn from the center to the angle-points, are 
equilateral triangles. The angle p between two adjacent sides equals 
the sum of two angles In two of the equilateral triangles and, conse- 
quently, equals 60 + 60 = 120 degrees. 

Using ths same tetters as previously given In the formulas, we have 
for the hexagon: 

r = 0.866 xS, 



fi = B = 1.156 X r, 

A = 2.&98 XS' = 2.598 XB'=8.«4 X f*. 
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The Heptason 
The beptagon, Pig. 28, bas aeveD sides, and tbe angle between two 
adjacent Bides 1b found by the formulas alreadr given, as shown below: 
A'^Bumber of sides = 7. 
360 360 

o = = =513/7 degrees. 

y 7 

^ = 180 — 51 3/7 = 128 4/7 degrees. 
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Using tbe same letters as In tbe formulaB preTtously given, we have 
for tbQ heptagon: 

r = 1.038 X B. 

A=>1.1E2 X B, 

8 = 0.868 X A = 0.963 X r. 

J. = 3.e34 XS'=2.7S6 XR' = 3.371 X r". 
The Octag-on 

Tbe angle p between two adjacent sides of the octagon, as Btaonn 
In FlgB. 23 and 29, Is 135 degrees. 

Using the Bame meaning for tbe letters as prevlouslr given, the 
formulas for tbe octagon are: 

r = 1.207xS, 

ft = 1.307 X 8, 

S = 0.766XR = 0.828 X r. 

A = 4.828 jg* = 2.828 X R" = 3.314 x r". 
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CHAPTER IX 

VOLUMES OP SOLIDS 

Volume at a Cube 

The cube. Fig. 30, Is a eolld bod7 having alz Burfaces or facee, all 
of whkli are squares; as all the lacea are squares, all the sldea are of 
equal length. 

If the aide of a face of a cube equals 3, ihe volume equate 8X8XS 
or, as It la commonly vrltten, B'. 

Assume that the length of the aide of a cube eqtials 3 Inches; then 
the volume equals 3 X 8 X 3 = 27 cuhlc Incbea. 

When the volume of a cube Is known, the length of the side Is found 
by extracting the cube root of the volume. 

Assume that the volume of a cube equals 343 cubic Inches. If va 
extract the cube root of 343, we find that tbe side of the cube Is T 
Inches. 

One cubic toot equals 12 X 12 x 12 = 1728 cubic Inches; therefore, 
a volume given in cubic teet can be transformed Into cubic inches by 
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multiplying by 1T28; If the volume Is given in cubic Inches It can be 
transformed Into cubic feet by dividing by 1728. 
Volum* or Prisma 

A solid body, the sides ot which are all rectangles, and the ends of 
which are either rectangles or squares is- commonly called a square 
prism. Opposite surfaces or faces are parallel, and all the angles 
are right angles, A square prism Is shown in Fig. 31, where L Is Its 
length, W its width, and H its height The volume of a square prism 
equals the length timea the width timea the height, or, expressed as 
a formula, If Ti= volume, 

7 = 1, X WXH. 

Aasume that L:=20 inches, W=:4 Inches, and n^5 inches, then 
volume ^=20 x 4 X 5 = 400 cubic Inches. 

A solid body having the end faces parallel, and the lines along 
which the other faces Intersect or meet parallel. Is called a prism. 
The two parallel end faces are called bases. The length, height, or 
altitude L, Fig. 3S, of a prism Is the distance between the bases, meas- 
ured at right angles to the base surfaces. 
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The Tolume at a prism equala tbe area of the base multiplied by 
the length or height of the prism. The area at the base must, there- 
fore, flnt be found before tbe Tolume can be obtained. If the base 
la a triangle, parallelogram, trapezoid, trapezium or a regular poly- 
gon, ite area la foand by the rules given in Chapter VIII. It It is a 
polygon which la not regular, it can always be dWIded into triangles, 
and the area of each of the triangles can be calculated, and these areas 
added together to obtain tbe area of the whole polygon. 

Assume that It is required to find the volume of a prism, the base 
•ot which Is a regular hexagon having a side 8; the length of the prism 
Is L. The volume of this prism Is 

2.598 X S" X t 

[See page 35 for formula for area of hexagon.] 

If, in tbis example, S equals 1^ Inch, and L equals 9 inches, then 
the volume equals 

2.598 X 1^' X 9 = 2.598 X 1.5 X 1-5 X 9 = 52.6095 cubic inches. 
Volume of a Pyramid 

A solid body having a polygon for tbe base and a number of tri- 
angles all having a common vertex for tbe sides is called a pymmid. 
In Fig. 33 a pyramid is shown where the base has fonr sides and 
the side surfaces are made up of triangles having two equal sides. 
If a line is drawn from the vertex of the pyramid at right angles to 
the base, the length of this line is the altitude or height H of the 
pyramid. 

The volume of a pyramid equals the base area multiplied by one- 
third of the height. It is, therefore, necessary to find the base area 
"before the volume can be found. 

Assume that It la required to find the volume of a pyramid, the base 
■of which Is a regular pentagon, having a aide B\ the height of tbe 
pyramid is H. The volume of the pyramid equals 

1.720 X S" X 1/3 X ff (area of base X one-third the height). 

[See page 35 for formula for area ot pentagon.] 

It 8 := 2 Inches and H = 9 Inches, then the volume equals 

1.720 X 2* X 1/3 X 9 = 1.720 X 2 X 2 X 3 = 20.640 cubic inches. 

A fruttum of a pyramid is shown In Pig. 34. It is a pyramid 
from which the top has been cut off, the top surface being parallel to 
-the base. Tbe height of a frustum of a pyramid Is the length of a 
line drawn from the top surface at right angles to the base. 

Tbe volume of a frustum ol a pyramid can be found when tbe 
lielght, the top area, and the base area are known. 

It T^ volume of frustum of a pyramid, 
H = height of frustum, 
A, — area ot top, 
At^area of base, 

ff 



: (A, -f A. + V -1, 
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Asaume, (or example, tbat the base of a fruBtum at a pyramid la 
a square, and that the aide of the square la 5 Inches. The top area 
la, of courae, also a aquare; aaaume the side ol thia to be 2 Inches. 
The height of the fruatum la 6 Inchea. B7 first calculating the base 
and top areaa and then Inserting the values In the formula given, the 
volume Is obtained. 



Volume=— >; (5" + S" + V 5" : 



2") = 



: (25 + 4 + V26X4) 



= 2 X (2B + 4 + 10) = 78. 

Th« Frierootdal Formula 
The priamoldal formula la a general formula br which the volume 
of any prism, pyramid or fraatrum of a pyramid, and the volume of 
any solid body bounded by regular curved surfaces may be found. 
If A, = area at one end of the body 
A, = area at other end. 




ma- aa. rtum 

jl„:=area of a middle section between the two end surfaces, 
ff = height of the body, 
V = volume of body, 



7 = - 



: (A, + iAm + A,). 



As this formula applies to all regular solid bodies, it Is useful to 
Vemember. For ordioary calculations, however, the formulas given 
on the two previous pages, for each kind of solid, should be used be- 
cause of greater simplicity. 

Volume of a Cylinder 

A solid body, as ebown In Fig. 35, having circular and parallel end 
faces of equal slue. Is called a cylinder. The two parallel faces are 
called bases. The height or altitude i7 of a cylinder la the distance 
betwen the bases measured at right angles to the base surfaces. 

The volume of a cylinder equals the area of the baae multiplied by 
the height. The area of the baae, must, therefore, first be found 
before the volume can be obtained. If the diameter of tbe base is D. 
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the area of tbe base equals 0.7864£>*. The volume ol the cylinder then 

0.7854 X D' X H 

If B =x 8 Inches and H = G Inches, then the volnme equals: 

0.7854 X 3" X 5 = 0.7854 X 3 X 3 X 5 = 35.343 cubic Inches. 

Volumo of ft Cone 

A BoUd body having a circular base and the sides Inclined so that 

tbey meet at a common vertex, the same as In a pyramid, is called 

a cone. {See Pig. 36.) If a line la drawn from the vertex of the 

cone at right angles to the base, the length of this line la the altitude 

or height H of the cone. 

Tbe volume of a cone equals the base area multiplied by one.thlrd 
of the height. It is, therefore, necessary to find the area of the base 
circle before the volume can be found. If the diameter of the base 




area equals D, then the area equals 0.7S54I>', and this multiplied by 
one-third of the height H gives us the volume: 

0.7854 X C X 1/3 X H = 1/3 X 0.7854 X D' X S =0.2618 X D' X H. 
If tbe diameter of the base of a cone equals 4 Inchea and the height 
6 inches, then the volume equals: 

0.2618 X 4' X 6 = 0.2618 X 4 X 4 X 6 = 25.1328 cubic inchea. 

A frustum of a cone Is shown In Pig. 3T. It la a cone from which 

the top has been cut off, tbe top eurface being a circle parallel to the 

base. The belght Jf of a frustum of a cone is the length of a line 

drawn from tbe top surface at right angles to the base. 

The volume of a frustum of a cone can be found when tbe dlam-. 
eters ot the top and base circles, and tbe height are known. 
II yrx: volume of frustum of a cone, 
S^ belght of frustum, 
2), ^diameter of top circle, 
2>,^ diameter of base circle, 
then 

T = 0.2618 X ff X (J>,' + D," + [D, X !>.]>- 
Assume, for example, that tbe diameter of the base of a frustum 
ot a cone 1b 5 Inches, and that the diameter ot the top circle is 2 
inches. The height of the frustum is 6 Inches. By inserting tbese 
values In the formula given we have; 
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Volvime or a Sphere, Spherical Sector, Sesment aad Zone 

The name sphere Is applied to a solid body ahaped like a ball or 
globe, that Is, bounded by a aurlace vhlch at all points la at the same 
distance trom a point Inside of the sphere called its center. The 
diameter ol a spbere is the length of a line drawn from a point on 
the surface through the center to the opposite side. 

The volume of a sphere equals 3.1416 multiplied by tour-thirds of 
the cube of the radius, or 3.1416 multiplied by one-sixth of the cube 
of the diameter. 

If it = radius of the sphere, D ^ diameter, and V =: volume, this 
rule given can be vrltten in the form of formulas thus: 
y=3.1416 X 4/3 X JI' = 4.1888 X R'. 
7=3,1416 X 1/6 X D' = 0.B236 X D". 

If the volume of a sphere Is known, the radius can he found by ex- 
tracting the cube root of the quotient of the volume divided b; 4.1SS8; 
the diameter can be found by extracting the cube root of the quotient 
of tbe volume divided by 0.5236. 

Written as formulas, these rules are: 

N 4.1888 N 0.6236 

A apherical sector is a part of a sphere bounded by a section of 
the spherical surface and a cone, having Its vertex at the center of 
the sphere, as shown In Fig. 39. The volume of a spherical sector 
can be fonnd if the radius R and the height H, E^g. 39, are known. 
Tbe formula for the volume T Is 

7 = 2.0944 X ii" X ff. 
Assume that the length of the radius of a. spherical sector Is 15 
Inches and tbe height Is 4 Inches. Then the volume equals 

2.0944 X 15" X 4 = 2.0944 X 15 X 15 X 4 = 1884.96 cubic Inches. 
A spherical segment Is a part of a sphere bounded by a portion ot 
the spherical surface and a plane circular base, as shown In Fig. 40. 

The volume of a spherical segment can be found when the radius 
of the sphere and the height H of the segment, or the diameter C ot 
tbe base of the segment and Its height H, are known. 
If V= volume of segment, 
,ff ^height of segment, 

R = radius of the sphere of which tbe segment Is a part, 
<7^ diameter of the base of the segment, 
then. 



F = 3.I4ie Xfl'X 
T = 3.I416XB' 
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Aaanme that tbe height of a spherical segment Is 6 Inches and the 
radius 8 Inches, then the Toltune Is 

3.1*16 X G" X (8 — 6 -i- 3) =3.1416 X 6 X 6 X (8 — 2) = 

3.141S X 6 X 6 X 6 = 678.6856 cubic Inches. 

A. ipherical tone Is bonnded by a part ot a spherical surface, and 

by two parallel circular bases, as shown In Fig. 40, where Oi and 0, 

are the diameters of the cIfcuIbt bases of tbe zone, and H Its height. 

The volume of a spherical zone can be found when the height of 
the segment and the two base diameters are known. 
If V^ volume of zone, 
Oi=dIameter of the smaller base circle, 
C, = diameter ot the larger base circle, 
if = height of 2 




Assume that the diameter O, = 3 inches, the diameter 0, = i 
Inches, and the height of the segment equals 1 Inch, then the volume Is 

(3X3' 3X4' \ 
+ 1- 1' I = 

(27 48 \ 
1 + 1 1 = 0-5386 X 1 X 19.75 = 10.8411 cubic inches. 

[It a plane parallel with the end faces and passing through the cen- 
ter ot the sphere Intersects the zone, consider the zone as two zones, 
one zone being on each side of the center. Calculate the volume of 
each, and add these to And the total volume.] 
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CHAPTER X 



SPBOIFIO GBAVITT AND ■WBIGHTS OF BAB 
STOCK AND OASTINGB 

The expresBlon "specific KraTlty" Indicates bow many times a cer- 
tain volume ol a material la heavier than an equal volume of water. 
It it Is found, for example, that one cubic Inch of steel weighs 7.S^ 
times as much as one cubic Incb of pure water, the speclflc gravity of 
Bteel Is 7.8. 

Aa the density of water differs slightlr at different temperatures. 
It is usual to make comparisons on the basis that the water has a tem- 
perature of 62 degrees F. The weight of one cubic Inch of pure water 
at 62 degrees F. fs 0.0361 pound. It the specific gravity of any ma- 
terial is known, the weight of a cubic Inch of the material can, there- 
fore, be found by multiplying its specific gravity by 0.0361. 



Metal 


Specific 
Gravity 


Weight in 
Pounds per Cub.c 




3.56 
6.71 

d.eo 

8.00 
8.83 

19.82 
7.20 
7.77 
7.70 

11,87 
8.00 

18. m 

8,80 

2i.no 
10.. w 
7.85 
7. 28 
17.00 
5.50 
7.15 












Brass . . 








Gour.:. ■;.■.■:::::.■':;::::::; 




Iron, CtMt 


0.260 


" wrought 


0.278 










Nickel. 


0.318 






Steel, machine and tool 


0.aH3 










Zinc 


0.258 



The specffic gravity of cast Iron, for example, is 7.2, The weight 
of one cubic Inch of cast Iron is found by multiplying 7,2 by 0.0361. 
The product, 0.260, is the weight of one cubic inch of cast Iron. 

Aa there are 12 x 12 x 12 ^ l,T2g cubic Inches In one cubic foot, 
the weight of a cubic toot is found by multiplying the welgbt of a 
cubic Inch by 1,728. 

If the weight of a cubic Inch of a material fs known, the specific 
gravity la found by dividing the weight per cubic inch by 0.0361. 
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The weight at a cubic Inch of gold la 0.S97 pound. The specific 
gravity of gold la then found hy dividing 0.697 by 0.0361. The Quo- 
tient, 19.32, la the apeclflc gravity of gold. 

If the weight per cubic Inch of any material 1b known, the weight 
of any volume of the material 1b found hy multiplying the weight per 
cubic Inch by the volume expressed In cubic inches. If braes weighs 
0,289 pound per cubic Inch, 16 cubic Inches of brase, of course, weigh 
0.2S9 X 16 = 4.624 pounds. In an example of this kind, If the spe- 
ciflc gravity la known, instead of the weight per cubic inch, this latter 
weight is first found by the rule previously given for ftndlug the weight 
per cubic Inch from the specific gravity. 
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If the epecldc gravity of tool ateel Is 7.85, what le the weight of 12 

cubic inches of tool steel? The weight of one cubic Inch is found by 

multiplying 7.S5 by 0.0361. The product, 0.2S3, Is then multiplied by 

12 to And the weight of 12 cubic Inchee; 0.283 X 12 = 3.396 pounds. 

Weight of Bar Stock 

The weight of a piece of round bar stock, as shown In Fig. 41, can 
foe found by first calculatlug the volume of the piece. When the vol- 
ume Is found In cubic Inches, the weight te found by multiplying the 
volume by the weight of the material per cubic Inch, aa already ex- 
plained. 

If the diameter B, Fig. 41, of a piece of round tool steel bar Is Z 
Inches, and the length L la 7 Inches, the volume of this piece eQuals 
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0.785* X winare of diameter x length, or 0,7854 x 2* X 7 = 0.7854 x 
2x2x7^21,991 cubic Inches, The volume In cubic Inchea having 
been found. It la multiplied by the weight of tool steel per cubic inch, 
wblcb Is 0.283 pound, as given in the accompanying table of speclflc 
gravity and weight p«r cubic inch of various metals and alloye. The 
weight of the bar Is then 21.991 X 0,283=16.2236 pounds. 

If the speclflc gravity Is given Instead of the weight per cubic Inch, 
flnd the weight per cubic Inch as explained on page 43, 

The weight of a square bar, as shown In Fig. 42, can be calculated 
when ihe widtb across flats. W, the length of tbe bar, L, and the weight 
of one cubic Inch of the material from which tbe bar la made, are 
known. 

Assume that tbe width across flats Is 2% Inches, that the length Is 
11 Inches, and that tbe bar Is made from brass; the volume of this 
bar equals the area of Its end section multiplied by Its length, or, in 
this case, 2^ x 2^ x 11 = 68% cubic inches. The weight of one 
cubic Inch of brass is 0.289 pound, and tbe weight of tbe given bar Is, 
therefore, 68% X 0.289 = 19.868 pounds. 

In order to flnd the weight of a hexagonal bar, as shown In Fig. 43, 
when ibe width across flats, W, tbe length L, and tbe weight per 
cubic lucb of the material from wblcb the bar Is made, are known, 
the ar^a of Its end section must flrst be found so that the volume can 
be determined by multiplying this area by tbe length; when the 
width across flats, W, la given, this area equale 0,866 X the square of 
tbe width across flats. 

Assume that the weight Is to be found of a hexagonal piece of ma- 
chine steel bar stock 3 Inches across flats, and 6 Inches long. Tbe 
volume of this piece equals then 0.866 x 3' X 6 = 0.866 X 3 X 3 X 6 
= 46.764 cubic Inchea, and the weight equals 4S.7S4 x 0.283 = 13.234 
pounds?. The factor 0.283 Is the weight of one cubic Inch of ma- 
chine sieel, as given In the table on page 43. 

In order to flnd the weight of a piece of octagonal stock, as shown 
In Fig. 44, it la flrat neceaaary to flnd the area of the end section; when 
the width across flats, W, la given, this area equals 0.S28 X the equare 
of the width acroaa flats. 

Assume that the weight of an octagonal piece of tool steel 4 Inchea 
across flats and 15 Inches long Is to be found. The volume of this 
piece then equals 0.828 X 4* X 15 = 0.S28 X 4 X 4 X-15 = 1S8.72 
cubic mcbea, and the weight equals 198.72 X 0.383 =:: 56.238 pounds. 
The factor 0.283 Is the weight of one cubic inch of tool steel' as given 
In tbe table on page 43. 

The Wetffht of OsBtlngB 

The weight of a casting can be calculated when the volume of the 
casting and the apeclflc gravity or the weight per cubic Inch of the 
material from which the casting Is made, are known. If the volume 
Is known In cubic inches, the volume Is simply multiplied by the 
weight per cubic Inch to obtain the weight of the casting. 

The speclflc gravity of cast iron la 7.2 and the weight per cubic 
Inch is 0.260; the speclflc gravity of brass is 8 and the weight per 
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cubic Inch 1b 0.289; the epeclflc graTlty of cast «liic 1b S.S6, and tbe 
weight per cubic Inch 0.248 : tbe specific gravltr of Enn metal bronie la 
8.7 and the weight per cubic Inch is 0.314. 

Wfth the constants above given, the problem of finding the weight 
of castings reduces Itself to finding the volume of the casting. The 
multiplication by the weight per cubic tncb of the material Is then a 
simple matter. 

AsBume that It Is reaulred to find tbe weight of a hollow cast iron 
cylinder, as shown tn Pig. 45, where the outside diameter Is A, the 
Inside or core diameter B, and the length L. To find tbe volume, flrst 
calculate tbe volume of a cylinder with the diameter A and tbe length 
L and then subtract from this tbe volume of the cylinder forming tbe 
core. 

Assume that In a hollow cylinder as shown In Fig: 46, J. ^3 inches, 
B^3 Inches, and L = & inches. Tbe volume of a cylinder = 0.T8G4 X 
the square of the diameter X the height. The volume of a cylinder 
with 3 Inches diameter and a height of S Inches = 0.T864 x 3' X 8 = 




rts, 40. HoUcrw Cjllndar 

0.7654 X 3 X 3 X 8 = 56.5488 cubic inches. From this is subtracted 
the Tolume of the cylinder forming tbe core, whicli has a diameter of 
3 Inches. The volume of this cylinder Is 0.7854 x Z' X 8 = 2S.132S 
cubic Inches. Tbis last volume subtracted from the volume 5S.G488 
gives uB 31.416 cubic Inches as the volume of the hollow cylinder 
(56.5483 --25.1328 = 31.416). As the weight per cubic Inch of cast 
Iron is 0.260 pound, the total weight of the hollow cylinder will be 
31.416 X 0.260 = 8.168 pounds. 

If tbe cylinder bad been cast from gun metal bronze Instead of cast 
iron, tbe volume should be multiplied by 0.314, In order to Bnd the 
weight. 

It the outside diameter of a hollow cylinder Is A, the Inside diam- 
eter B, and the length £>, the following formula may be used for find- 
ing the volume of the cylinder: 

Volume = 0.786* X (A*— B') XL. 

In Fig. 46 Is shown a knee made from cast Iron, all tbe necessary 
dimensions for calculating the weight being given. To calculate the 
volume of a casting of this sbape, It is divided into prisms or other 
simple geometric shapes, and the volume of each of the parts Ib found, 
after wlilcb tbese volumes are added together to find the total volume 
of the casting. The piece shown in Fig. 46 can be divided up Into 
three parts, the volume of each of which can 1w calculated by simple 
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meaiiB. One part has for base the rectangle HULK, another the rec- 
tangle PFXH, and the base of the third 1b bounded b7 two straight 
lines EF and FO and the circular arc EG. The length of all the parts 
In this case equals the length of the casting, or E Inches, as shown. 

The area of the rectangle bulk equals 6 X 2 ^ 12 square inches. 
TbLs area multiplied by 5 gives us the volume of this part In cubic 
Inches; 12 x S = 60 cubic inches. 

Tbe length of the line Vlf is 4 inches (6 — 2 = 4), and, therefore, 
the area of the rectangle FFMN is 4 x 2 = 8 square inches. This 
area multiplied br 5 gives us the volume of this section of tbe casting 
in cubic Inches; 8 X 5 ^ 40 cubic Inches. 

It now remains to Ond the volume of the section having tor base tbe 
area bounded by the two straight lines EF and FO and the circular 
arc BQ. Tbe area of the base is found by first finding tbe area of tbe 
square DEFO and subtracting from this area tbe area of the circular 




sector DEO. The area of the square is 2^ X 2^ = 6^ square incbes. 

Tbe area of Uie circular sector which is one-fourth of a complete circle 

2W X 3.1416 



= 4.909 square Inches. This subtracted from the 

4 

area of the square equals 1.341 square Inch (6.26 — 4.909 ^ 1.341). 
This Is then the area of the base of the third part Into which tbe cast- 
ing is divided, and this area multiplied by 6 gives the volume of the 
third part of the casting (1.341 x 5 = 6.705). Now adding the vol- 
umes ol the three parts together we have 60 + 40 -f 6.70B ^ 106.706 
cubic Inches. This total volume multiplied by the weight per cubic 
inch of cost Iron gives us the total weight: 106.706 X 0.260 = 27.743 
pounds. 

Wben the pattern for a casting contains no core-prints, but Is in all 
respects on exact duplicate of the casting to be made, the weight of 
tbe casting may be approximately found by multiplying tbe weight of 
the pattern by a constant which varies for different kinds of woods 
used for the pattern. When the pattern Is made from white pine, 
multiply the weight of the pattern by 13 to obtain the weight of a cast 
iron casting; if the pattern is made from cherry, multiply by 10.7; if 
made of mahogany, multiply by 10.28. When an aluminum pattern is 
used, the weight of tbe aluminum pattern may be multiplied by 2.88 to 
obtain tbe weight of a cast Iron casting. 

.b, Google 



4S 



No. 52— ADVANCED SHOP ARITHMETIC 



Assume that the weight of a cast Iron bracket, as shown In Fig. 47, 
la required. All the reaulred dimensions are here given h; the letters 
±, B, 0, D, E, F, and O. The casting Is divided up Into sections, and 
the volume of each eecttos is calculated separately; then the volumes 
are added together and the total volume multiplied by the weight per 
cubic Inch of cast iron. Very small flllets, like those shown at V 
and R, are not considered, and the area NRBT le regarded as a per- 
fect rectangle. 

In the example given, the casting is divided up In five parts; one 
is a hollow cylinder with an outside diameter A; two parts have for 
bases the rectangles NRBT and EMTO; and two parts have for bases 
the arsas HKL and OML, respectively, each being bounded by two 
straight llnea and a circular arc. 

For an example, assume that In Fig. 47, A ^ 7 Incbea, B =:^ i Inches, 
= 8 Inches, D = i Inches, E = 12 inches, ^ = 10 incbes, G = 8 
inches. 




The volumes of tbe different parte will then be found as follows: 
Volume of hollow cylinder having an outside diameter of 7 incbei, 
an inside diameter of 4 Inches, and length of 10 Inches: 
0.73E4 X (7' — 4') X 10 = 0.7854 X (49 — 18) X 10 

= 0.78B4 X 33 X 10 = 269.18 cubic Inches. 
Volume of section having for base the rectangle NR8T: 

4 X 5 X 8 ^ 160 cubic inches. 
Volume of section having for base the rectangle KMTU: 

3U X 7 X 8 ^ 19fi cubic Inches. 
Volume of section having tor base the area HKL: 

(3VX 3.1416 \ 
3^i X 314 1 X 8 =(12.25 — 9.62) x 8 

= 2.63 X 8 ^ 21.U4 cubic inches. 
The volume of the section having for base OML equals the volume 
of the Mctlon having for base HKL and is consequently 21.04 cubic 
Inches. 

The total ot the five sections then equals 

269.18 + 160 + 196 + 21.04 + 21-04 = 667.26 cubic Inches. 
The total weight of the casting equals 667.26 X 0.260 = 170.80 poondi. 



CHAPTER XI 



USB OF TABLES OP SINES, COSINES, TANGENTS 
AND COTANGENTS 

The figuring of angles the average mechanic usually loolu upon aa 
something above hia capacity; but simple cases of the figuring of 
angles from given formulas aTe often much easier than many ordinary 
arithmetical problems In the shop which be successfully solves. All 
that U neceasary Is a table of etnes, cosines, tangents, and cotangents; 
after having found the figures corresponding to a given angle from the 
table, the whole thing resolves Itself Into a case ol simple multiplica- 
tion or division. 

Often, In technical papers, the reader will find himself confronted by 
snch formulas aa, for Instance, 

27 

A = . 

cos 36 deg. 

Of course, It is Impossible to figure out how much vL Is from this 
formula, unless tbe expression "cos 36 deg." (read: cosine of 36 de- 
grees) can be transformed and expressed in plain figures. But If we 
know how much "cos 36 deg." la expressed in plain figures, then we 
can immediately divide 27 by this value, and thus find tbe value of A. 
Suppose that A stands for tbe length of one side in a triangle and 
that tbe expression "cos 36 deg." equals 0.80901. Then, 



The tables of sines, coalnea, tangents, and cotangents almply aerve 
the purpoae of giving In flgurea the values of these expressions for 
different angles. The four expressions: sine, cosine, tangent, and co- 
tangent, wblcb are used to designate certain numerical values, to be 
found from tbe tables, are called the /unctions of the angle. These 
tiinctlons or numerical values equal a definite amount for each dif- 
ferent angle. On pages 52, 53, 64 and 5G will be found tables giving 
the values referred to for all degrees and for every ten minutes (1/6 
of a degree). From these tables, when the angle Is given, tbe angular 
function can be found, and when tbe function Is given, the angle can 
be determined. The four expressions, sine, cosine, tangent, and cotan- 
gent are abbreviated "sin," "cos," "tan," and "cot," respectively. 

The tables of sines, coalnea, etc., are read In the aame way as B rail- 
road tlmo-tahle. At tbe top of Tables I and II the heading reads 
"Table of Sines." and at tbe bottom is the legend 'Table of Cosines." 
At the top of Tables III and IV tbe heading reads "Table of Tangents," 
and at the bottom la the legend "Table of Cotangents." At the top 
of al] the tables the heading of the extreme loft-hand column reads 
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"Deg." and the following columns are headed 0', 10', 20', etc At the 
bottom ot the tables the same legends are placed under the columns, 
but reading from right to left. 

When the sine or tangent of a given angle Is to be found, flrat find 
the number of degrees In the extreme left-hand column In the respec- 
tive tables, and then locate the number of minutes at the top of the 
table. Then tollov the column, over which the number ot minutes 
ts given, downwards until arriving at the figure In line with the given 
□umber of degrees. This figure is the numerical value of the sine or 
tangent, as the case may be, tor the given angle. If the angle is given 
In even degrees with no minutes, the corresponding function will be 
found opposite the number of degrees in the column marked 0' at the 

The cosines and cotangents ot angles are found in the same tables 
as the Bines and tangents, hut the tables in this case are read from the 
bottom up. The number of degrees la found In the extreme right-hand 
column and the number of minutes at the bottom of the columns. 

If the number of minutes given la not an even multiple of 10, as 10*, 
EO', 30', etc., but 2T, for example, It ts, tor nearlj all shop calculftUoas 
near enough to tabe the figures tor the nearest number of minutes 
given, being In this case, for 30'. 

BxamplsB of the Use of the Tables 

Example 1. — Find from the tables given the sine of 56 degrees, or, 
as It Is written In formulas, aln 56*. — The "sines" are found by read- 
ing Tables I and II from the top: the number of degrees, 66, ts found 
in Table II in the left-hand column, and opposite 66 In the column 0', 
read oft O.S2903. 

Example 2. — Find sin S6° 20'. — In the column marked 20' at the top, 
follow downwards until opposite 56 In the left-hand column. The value 
0.S322T fs the sine of 56' 2<y. 

Example 3. — ^Flnd cos 36' 20'. — To find the cosines, read the tables 
from the bottom, and locate 36 In the right-hand column In Table II. 
Then follow the column marked 20' at the bottom upwards until oppo- 
site 36, and read off 0.80GG8. 

Example 4. — ^Flnd tan 56° 40'. — The tangents are found In Tables 
III and IV b7 locating the number ot degrees In the left-hand column 
and reading the value In the column under the specified number ot 
minutes. In Table IV then we And tan 56° 40' to be 1.5204. 

Example 6. — ^Flnd the cotangent of 56° 40'. — Read the tables from 
the bottom, locating 56 In the right-hand column, and find the required 
value In line with this figure In the column marked 40' at the bottom. 
Thus, cot 56" 40' = 0.66TT1. 

Example 6. — ^Flnd sin 20* 4S'. — For shop calculations it is almost 
always near enough to find the value of the angular functions tor the 
nearest 10 minutes. Therefore In this case find sin 20° 50', which is 
0.35565. 

Example 7. — The sine for a certain angle, which may be called a, 
eQuals 0.53238. Find the angle. — In the body of the tables ot slnee 
And the nnmber 0.53238. It will be seen that this number is c^poslte 
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32 iegreee and in tbe column heftded 10* at tti« top. Tbe angle a, there- 
fore, equals 32° W, 

Example 8. — Cot p = 0.77196. Find p. — Tbe cotangents are read 
from tbe bottom In Tables III and IV. The value 0.7719G ts located 
opposite 52 In the rlgbt-hand column and in the column marked 20* at 
tbe bottom. Angle /3, then, la 62° 20'. 

ExampJe S.— Sin p = 0.31190. Find ^.—It will be found that tbe 
Talue 0.31190 Is not given in tbe table of alnea; the nearest value In 
tbe table is 0.31178. For shop calculations It la near enough to con- 
sider the angle p egoal to tbe angle coirespoadlng to tbis latter value; 
tbe angle then Is 18° 10'. 

Blght-ans'lBd Triangle a* 

la light-angled triangles tbe remaining Hides and angles can be 
found when either two sides, or one side and one of tbe acute angles, 
are known. As previously mentioned, tbe side opposite the right 
angle, or side a In Fig. 48, is called tbe hypotenuse. Side b Is tbe side 




FIC. 48. B)cbl-U^Hl TrUuiBls F)B. 4S, ObUqua-uslsd Trlsngla 

adjacent to angle C and side c Is the side oppoHte to tbe same angle. 
In tbe same war, c Is tbe aide aijacent to angle B, and b la tbe side 
oppotite angle B. 

Tbe problems In rigbt-angled triangles may be divided into five 
classes, for wblcb tbe following formulas are given: 

1. The hypotenuse and one of the sides forming the rlgbt angle 
are given. Call tbe hypotenuse a. and the other given side b. Then 
(see Fig. 48) : 



c=Vo'- 



BlnS=- 



2. The two sides forming tbe rlgbt angle a 
sides b and c. Then (see Fig. 48): 



= 90'- 



i given. Call these two 



S. The hypotenuse and one of the acute angles are given. Call the 
hrpotenuse a and the given angle B. Then (see Fig. 48) : 

C = 90" — B & = a X sin B c = o X cos B 
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I. TABLE OF SINES 

Read degrees In left-band column and minutes at top 

Example: sin 7° 10'^.124TG 
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TABLE OF COSINES 
Read degrees In right-hand column and minutes at bottom 

Example: cob 56° 30'=. 65436 
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II. TABLE OF SINES 

Read degrees In left-hand column and minutes at top 

Example: sin 56° 20' = .83227 
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88 


.90939 


.99948 


.99057 


.09905 


.90973 


,99079 


.09081 




89 


.99984 


.90989 


.99993 


.900^ 


,90098 


.99999 


1.0000 
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TABLE OF COSINES 
Read desrecs In rlgbt-hand column and minutes at bottom 
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III. TABLE OF TANGENTS 

Read degreeB In left-hand column and minutes at top 

Example: tan 7° 10' = .126T3 



Deg. 


o- 


10' 


w 


30- 


40- 


BO' 


«■ 







.00000 


.00290 


.0068r 


.00872 


.oiiat 


.01454 


.01745 


89 


1 


.01745 


.02030 


,02327 


.02018 


.02909 


.03200 




88 


3 


.0^402 


.08788 


.04074 


.04366 


.04637 


.04949 


! 05340 


87 


8 


.03240 


.05532 


.05834 


.06116 


.00408 


.06790 


.06903 


86 




.0e092 


.07285 


,07577 


.07870 


.08163 


.08465 


.08748 


'85 




,08748 


.00042 


.09385 


.09626 


.09023 


.10816 


.10610 


84 




.10610 


.10804 


.11090 


,11803 


,11688 


.11083 


.12878 


88 




.12278 


.13673 


.'12869 


.13105 


.13461 


.18757 


.14054 


62 




.14054 


.14360 


,14647 


.14945 


.15242 


.16540 


.15838 


81 




.16838 


.10136 


■.16435 


.16734 


.17033 


.17333 


.17633 


80 




.17632 


.17933 


.18233 


.18533 


.18834 


.18186 


.19488 


79 




.10436 


,19740 


.20042 


.20345 


.20648 


: 30961 


.21266 


78 




.31205 


.31560 


.81804 


.22169 


.22474 


.82780 


.33066 


77 




.23086 


.33898 


,23700 


.24007 


.24315 


.24624 


.24982 


76 




.91S83 


.36342 


.25661 


.26801 


.28173 


.26488 


.36794 


76 




.26794 


.27108 


,27410 


.87732 


.38046 


.28360 


.26674 


74 




.28674 


.28980 


.29305 


.39621 


.80938 


.80355 


.80673 
.83492 


73 




.80578 


.80891 


.81310 


.81520 


.81850 


,83170 


78 




.32493 


.32818 


.33130 


.83459 


.33783 


.34107 


.34433 


71 




.84433 


.34758 


.35084 


.86411 


,86789 


.36067 


.86897 


70 


ao 


.36307 


.36726 


.87057 


.37388 


.37720 


.38053 




00 


2i 


.38886 


.33720 


.89055 


.89391 


.89737 


:4O064 


; 40403 


63 


23 


.40402 


.40741 


.41080 


.41421 


.41762 


.48104 


.42447 


67 


28 


.42447 


.42791 


.48185 


.43481 


.43837 


.44174 


.44622 


61 


24 


.44022 


.44871 


.45221 


.45573 


.45924 


.46277 


.46680 


65 


25 


.46630 


.40985 


,47341 


.47697. 


.48065 


.48413 


.48773 


64 


20 


.48773 


.49133 


,49495 


.49858 


.50331 


.60586 


.50962 


es 


27 


.60052 


.51319 


.61087 


.52058 


.62427 


.62708 


.53170 


68 


28 


.58170 


.53544 


,53910 


.54295 


,54073 


,65051 


.56480 


61 


29 


.55430 


.55811 


.56193 


.60577 


.66961 


,57347 


.67785 


60 


80 


.67735 


.58128 


.685)3 


.58904 


.59207 


.69000 


.60086 


60 


81 


.00080 


.00482 


•ooeso 


.61280 


.61680 


.63083 


.02480 


68 


82 


.62480 


.03803 


.6.3398 


.63707 


,64116 


.64628 


.64940 


57 




.64940 


.05355 


.65771 


.00188 


.06607 


.07028 


.07460 


56 


84 


.674.W 


.07874 


.08300 


.68723 


.09157 


.69588 


.70020 


B5 


85 


.70020 


.70465 


.70891 


.71820 


.71769 


.72210 


.72664 


54 


30 


.72654 


.73090 


.73540 


,73090 


.74447 


.74900 


,75365 


63 


87 


.75355 


.75813 


.76371 


.76732 


.77195 


.77661 


.78138 


62 


88 


.78128 


.78598 


.79069 


.79543 


.80019 


.80497 


80078 


51 


39 


.80978 


,81401 


.81946 


.82433' 


.82023 


.83415 


.88910 


60 


40 


.83910 


.84400 


.84000 


.85408 


.85912 


,66419 


,86938 


49 


41 


.80928 


.87440 


,87955 


.88472 


.88902 


.89616 


.90040 


48 


42 


.90040 


.905UH 


.01009 


.91033 


,93109 


.92700 


.98351 


47 


43 


.93251 


.93700 


.04:iJ5 


.94806 


.95450 


.96008 


.96568 


46 


44 


.90508 


:97ia3 


,07690 


.98269 


.98843 


.99il9 


1.0000 


45 
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TABLE OF COTANGENTS 
Read degreea In right-hand column and minutes at bottom 

Example: cot 5G° 20' ^.66607 
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IV. TABLE OF TANGENTS 

Bead dsgreeB In lelttaand column and minutes at top 

Example: Un 56° 20* = 1.5013 



IK*. 


If 


Iff 


ac 


SO- 


4ff 


tff 


W 




4.1 


I.OOOO 


1.0058 


1,0117 


1,0176 


1.0235 


1,0305 


1.0353 


44 


4a 


1.0856 


1.0415 


1.0476 


1.D687 


1.0599 


1.0661 


1.0723 


43 


47 


1.0738 


1.0786 


1.0849 


1,0013 


1.0977 


1,1041 


1.110(1 


42 


IB 


1.1106 


1.1)71 


1.1236 


i.isoa 


1.1360 


1,1438 


1.1503 


41 


49 


1.1608 


1.1571 


1,168» 


1.1708 


1.1777 


1.1647 


1.1017 


40 


BO 


1.1917 


1.1968 


1,2059 


1.3181 


1,2203 


1,2275 


1 3340 


30 


fll 


1.2849 


1-3*23 


1,3406 


1.3671 


1,2647 


1,2723 


1.3790 


38 


63 


1.3799 


1.B876 


1.3954 


1.8033 


1,3111 


1.3100 


1,3370 


37 


68 


1.8370 


1.8351 


1.8433 


1.3514 


1,8506 


1.8880 


1,3783 


86 


54 


1.8763 


1.8816 


1.8933 


1.4010 


1.4106 


1.4193 


1.4281 


35 


55 


l.«i8L 


1.4870 


1.44G9 


1.4550 


1.4641 


1.4733 


1.4825 


84 


66 


1.48»f 


1.4919 


1.5018 


1.5108 


1.5204 


1.5301 


1.6308 


83 


67 


i;6898 


1.6497 


1.5506 


1.5696 


1.6798 


1.5000 


1.6008 


83 


68 


1.6008 


1.6107 


1.0213 


1.6318 


1.6436 


1,6533 


1.6643 


81 


69 


1.M43 


1.0768 


1.6864 


1.6976 


1.7090 


1.7304 


1.7830 


80 


60 


1.7830 


1.7487 


1.7555 


1,7674 


1.7705 


1.7017 


1.8040 


29 


ei 


1.8040 


1.8104 


1.8390 


1.8417 


1.8548 


1.8876 


1.8807 


28 


«S 


t.8807 


1.8940 


1.0074 


1.9309 


1,9847 


1.0485 


1.0636 


27 


«8 


1.9636 


1.9768 


1.9911 


2,0056 


2.0203 


3.0353 


2,0503 


26 


S4 


8.0608 


3.0665 


3.0809 


3.0965 


3,1183 


2.1383 


2,1446 


86 


65 


2.1445 


3.1609 


3:1774 


3.1943 


8,2113 


3.2285 


3,2460 


84 


86 


3.2480 


2.2637 


8.3816 


3.3908 


3,8183 


2.8869 


2,3558 


38 


67 


2.8668 


3.8760 


3.3914 


2.4142 


3,4342 


3.4545 


2,47B0 


23 


68 


•3.4750 


3.4059 


2.5171 


3.5386 


3,6601 


3,6828 


2.6050 


31 


69 


3.60SO 


2.6379 


8.6610 


2.6746 


2.6085 


3,7228 


2.7474 


20 


70 


8.7474 


3.7725 


3.7980 


3,8339 


2,6503 


2,8770 


2.9042 


19 


71 


3.9043 


S.9818 


3.0600 


2.9886 


8.0173 


3.0474 


3.0776 


18 


TO 


8.«776 


8.1084 


8.1807 


8.1716 


8.2040 


8,2871 


8.3708 


17 


78 


8.2708 


3.80S3 


8.8403 


8.3759 


3.4138 


3.4495 


8.4674 


16 


74 


8.4874 


8.6360 


8.6655 


8.6058 


8.6470 


8,6890 


8.7320 


16 


?S 


817820 


8.7759 


8.8308 


8,8667 


3.9186 


8, 0616 


4.0107 


14 


4.0107 


4.0610 


4.1125 


4.1668 


4.3198 


4.3747 


4.8314 


18 


77 


«.8814 


4.8806. 


4.4404 


4.6107 


4.5736 


4.6883 


4,7046 


13 


78 


.4.7046 


4.7738 


4.8480 


4.0151 


4,0694 


5,065J 


5,1446 


11 


7» 


6.1446 


6.3366 


6.8003 


6.S955 


6.4845 


6.5763 


5.6712 


10 


8tt 


s.m9 


5.7698 


6.8708 


«,»757 


6,0844 


6.1970 


6,8187 


9 


n 


•.8187 


4.4848 


6.6606 


6.8911 


6.8269 


6.9682 


7.11S8 


8 


sa 


7.1168 


IIS 


7.4287 


7:6057 


7.7708 


7.9530 


8.1443 


7 


83 


S.1443 


8.9565 


8.7768 


9.0098 


9.2553 


9.5148 


6 


84 


9.6143 


0.7881 


10,078 


10.885 


10.711 


11,059 


11.480 


5 


86 


11.430 


11.886 


18.860 


18; 706 


13,198 


18.726' 


14.800 


4 


86 


14.800 


14.934 


.16.604 


.16,849 


17,169 


18.075 


19,081 


3 


87 


19.081 


20.205 


,21.470 


23.904 


24.641 


26.431 


28.636 


2 


88 


as.ffie 


81.341 


■ 84.867 


88.188 


43.964 


49.108 


57.300 


1 


8» 


57.800 ■ 


68,750 


86.080. 


.114.66 


,171.88, 


843.77 
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TABLE OF COTANGENTS 

Read degrees In rlght-h&nd column and minutes at bottom 

Example: cot 7" 10' = 7.9530 
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4. One acute angle and lU atUacent side are given. Call tbe given 
angle B and Its adjacent aide c. Tben (see Fig. 48) : 



G. One acute angle and Its opposite side are given. Call the given 
angle B and tbe side opposite it b. Then (see Fig. 43} : 



HlnB 

Formuloa for Solving Oblique TrlangrleH 

Below are given a summary of all the generally required tormulaa, 

and ttao methods of procedure In solving oblique triangles. In all the 

lormulaa reference Is made to Fig. 49, in which the sides and angles 

are given the same names as In the formulas below. 

1. When two angles and one side are given, call the given aide a. 
the angle opposite It A, and tlie other angle B. Then if A Is known: 

a X sin £ a X sin C 

C = 180°— (A + B) 6 = c = 

Bin A sin A 

a X 6 X sin C 
2 
If B and C are given, but not A, then A = 180° — (B + C), the 
other formulas being as above. 

2. When two sides and the Included angle are given, call tbe given 
sides a and b and the given angle between them C. Then: 

a X aln C a x sin C 

tanA = 8 = 180"— (A +C) c = 

b—a X cos C Bin A 

^ o X & X sin C 

2 

3. When two sides and the angle oi)poel(e one of tbe sides are given, 
call the given angle A, tbe side opposite it a and the other given side 
b. Then : 

b X sin A a X sin C 

8lnB = — — (7 = 180=' — <A + B) c = 

a Bin .1 

o X 6 X Bin C 



4. When the three sides of a triangle arc given, call them a, b and r 
and the angles opposite them A. B and C respectively. Then: 
W + c' — a' C X Bin A 

cobA = slnB= C=180°— (A + B) 

2 X 6 X c a 
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THE USB OF FOBMtJLAS* 

Id matbeinatlcal and mechanical books and treatlaes. aa well aa In 
articles containing calculations publiebed in the engineering loumals. 
formulas are used to a great extent Instead of rules. In these formulas, 
signs and symbols are used in order to condenae into a small space 
the essentials ot what would otherwise be long and cumbersome rules. 
The symbols used are generally the letters in the alphabet, and the 
signs are simply the ordinary signs for arithmetical calculations, with 
some additional ones necessary tor special purposes. Lutters from 
the Greek alphabet are commonly used to designate angles, and the 
Greek letter r (pi) Is always used to Indicate the proportion of the 
circumference of a circle to Its diameter; r, therefore, la always. In 
formulas, equal to 3.1416. The moat commonly uaed Creek letters, be 
sides T, are a (alpha), j9 (beta), and 7 (gamma). 

Knowledge of algebra is not necessary in order to make possible the 
successful use of formulas for the solving of problems such as occur 
In the solution ot triangles; but a thorough uttderstandlng of the rules 
and processes of arithmetic Is very essential. The symbols or letters 
ueed In the formulas simply stand In place of the actual Sgures or 
numerical values which are inserted In the Tormula In each specific 
case, according to the requirements of the problem to be solved. Wlien 
these values are inserted, the result required may be obtained by sim- 
ple arithmetical processes. 

There are two main reasons why a formula is preferable to a rule 
expressed in words. Firstly, the formula Is more concise, it occupies 
less space, and It is possible for the eye to catch at a glance the whole 
meaning of the rule laid down; secondly, It is easier to remember a 
short formula than a long rule, and It Is, therefor<>, of greater value 
and convenience, as It Is not always possible to carry a handbook or 
reference book about, but the memory must be relied upon to store 
up a number of the most frequently occurring mathematical and me- 
chanical rules. 

The use of formulas can be explained most readily by actual ex- 
amples. In the following, therefore, a number of simple formulas will 
be given, and the values will be Inserted so aa to show. In detail, the 
principles Involved. 

Example 1. — When the diameter of a circle is known, the circumfer- 
ence may be found by multiplying the diameter by 3.1416. This rule, 
expressed aa a formula, Is: 

C = DX 3.1416 
In which C ^ circumference of circle, 
D^ diameter of circle. 
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This formula sbowB &t a glance, tliat no matter wjtat the diameter 
of the circle be, the circumference la always equal to the diameter 
times 3.1416. Let it be required to find, for example, the circumfer- 
ence of a circle 22 Inches in diameter. If then we insert 22 la the 
place of D In the formula, we have: 

(7 = 22 X 3.1416 = 69.1152 inches. 

Hence, our formula gives, hj meane of a simple multiplication, the 
result required. 

Assume that the diameter of a circle is 3.72 Inches. The circumfer- 
ence of this circle Is found by inserting this value Instead of D In the 
formula: 

C = 3.72 X 3.1416 = 11.6867 inches. 

Example 2. — In spur gears, the outside diameter of the gear can be 
found by adding 2 to the number of teeth, and dividing the sum ob- 
tained by the diametral pitch of the gear. This rule can be expressed 
very simply by a formula. Assume that we write D for the outside 
diameter of the gear, N for the number of teeth, and P tor the pitch. 
Then the formula would be 

N + 2 

~ P 
This formula reads exactly as the rule given above. It says that the 
outside diameter (D) of the gear equals 2 added to the number of 
teeth iN), and this sum divided by the pitch (P). 

If the number of teeth in a gear is 16 and the pitch 6, then simply 

put these flgures in the place of N and P In the formula, and find the 

outside diameter as In ordinary arithmetic. 

16 + 2 IS 

~ 6 8 ' 

D, or the outside diameter, then, Is 3 inches. 

In another gear the number of teeth Is 96 and the pitch 7; find the 
outside diameter of the gear. 

96 + 2 98 

D^ = — ^14 inches. 

7 7 

From the examples given It will be seen that in formulas, each let- 
ter stands for a certain dimension or quantity. When using a formula 
for solving a problem, replace the letters in the formula by the figures 
given In a certain problem, and find the result as In a regular arith- 
metical calculation. 

Example 3. — The formula for the horseijower of a steam engine Is 
as follows: 

PXLXAXN 

H. P. = 

33,000 
In which H. P. = indicated horse-power of engine, 

p = mean eEective pressure on piston la pounds per 
square inch. 
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L = length of plstOD stroke In te«t, 
A = area of piston In square Incbes, 
V^ number of strokes of piston per minute. 
Assume that P = 90, L = 2, A = 380, and V = 110; wbat would 
be the horse-power t 
If ve Insert the given values In the formula we have: 

90 X a X 320 X 110 

H. P. = = 192. 

33.000 
In formulas, the sign for multiplication (X) Is often left out be- 
tween letters tlie values of which are to be multiplied. Thus AM 
means A. X B, and the formula 

PXLXAXN PLAN 

can also be written 

33,000 33,000 

Thus, If A = 3, and £ = E, then: 

AB = A XS = 3 X5 = 1G. 
If A = 12, B = 2, and C = 3, then; 

ABC = AXBxC = liX2 X3 = 7a. 
It IB only the multiplication sign ( X ) that can be thus left out be- 
tween the srmbolB or letters In a formula. All other signs must be 
Indicated the some as In arithmetic. 

A parenthesis ( ) or bracket [ ] In a formula means that the expres- 
sion Inside the parenthesis or bracket should be considered as one 
single symbol, or in other words, that the calculation Inside the paren- 
thesis or bracket should be carried out b7 Itself, before other calcula- 
tions are carried out 
Examplet: 
6 X <8 + 3) = 6 X 11 = 66. 

6 X (16 — 14) + 3 (2.25 — 1.75) = B X 2 + 3 X O.B = 10 + 1.5 
= 11.5. 
In tlie last example above it will be seen that G Is multiplied by 2 
and S by 0.5, and then the products of these two multiplications are 
added. From the order of the numbers 5 X 2 + 3 X O.G, one might 
have assumed that the calculation should have been carried out as 
follows: 6 times 2 = 10. plus 3 = 13, times 0.6 =: 6.6. TUs latter 
procedure, however, is not correct. 

When several numbers or expressions are connected by the ilgna 
-f , — , X and -J-, the operations ^e carried out in the co-der written, 
except that all multiplications should be carried ovt before Ihe otlier 
operations. The reoaon for this is that numbers connected by a multi- 
plication sign are only factors of the product thus indicated, which pro- 
duct should be considered by Itself as one number. Divisions should 
be carried out before additions and subtractions. If the division is indi- 
cated In the same line with these other processes. 
Examples: 
ex 8 + 4 — 6 X 4 = 30 + 4 — 24 = 34- 
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5 + 3x2 = 5 + 6 = 11. 
100 -f- 2 X E = 100 -i- 10 = 10. 
3.B + 16.5 -^ 3 — 1.7E = 3.6 + 6.5 — 1.75 = 7.26. 
But 5 X (6 + 4) — 6 X 4 = 5 X 10 — 24 = 50 — 24 = 26. 
(6 + 3) X 2 = 8 X 2 = 16. 
(100 -J- 2) X5 = 50XE = 250. 
(3.5 + 16.6) -4- (3 — 1.75) = 20 ^ 1.25 = 18. 

Formulae Containing Square and Cube Boots 

The square of a number la the product of that number multiplied b7 
Itaelf. The eauare of 2 la 2 X 2 = 4, and the square of 10 la 10 X 10 
= 100; elmltarlf the aquare of 177 ie 177 X 177 = 31,329. Instead of 
writing 4 X 4 for the quare of 4, It Is often written 4' which la read 
/our tQuare, and means that 4 la multiplied by 4. In the aame way 
128' meana 128 X 128. The amall figure (') In theae expreBslons Is 
called exponent. 

The square root of a number la that number which, when multiplied 
by Itaelf, will give a product equal to the given number. Thus, the 
square root of 4 Is 2, because 2 multiplied by itaelf gives 4. The square 
root of 26 la 5; of 36, 6, etc. We may say that the square root Is the 
reverse of the square, eo that If the square of 24 Is 576, then the 
square root of 676 Is 24. The mathematical sign for the square root 
is v , but the index figure (') Is generally left out, making the square- 
root algn simply V, thus: 

VT^2 (the square root of four equals two), 

V 100 = 10 (the square root of one hundred equals ten). 

The operation of finding the aquare root of a given number Is called 
extracting the aquare root.* Squares and square roots as well as bubos 
and cube roots of all numbers up to 1,000 (sometimes up to 1,600) are 
generally given In all standard handbooks. 

The cube of a number is the product obtained If the number Itself 
is repeated as a factor three times. The cube of21s2x2x2 = 8, 
and the cube of 12 Is 12 x 12 X 12 = 1,728. Instead of writing 
2 X 2 X 2 for the cube of 2, it Is often written 2', which la read "two 
cube." In the same way 123' meana 128 X 128 x 128. The small Bg- 
ure (') in theae expresaiona la called exponent, the same aa in the 
caae of the figure (*) indtcatlug the aquare of a number. An expres- 
sion of the form 18' may also be read the "third power of 18." 

In the same way as square root means the reverse of square, so cube 
root means the reverse of cube; that is, the cube root of a given num- 
ber Is the number which. If repeated as factor three times, would give 
the number given. Thus the cube root of 27 is 3, because 3X3x3 = 
27. If the cube of 15 Is 3,37S, then the cube root ^f 3,376 is, of course, 
16- The mathematical algn for the cul>e root la ^, thus: 
^'64^4 (the cube root of sixty-four equals four), 

^4096 = 16 (the cube root of four thousand ninety-six equals slx- 
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ANGULAR MEASUREMENTS 
Assume, for an eumple, ttaat a formula Is glTen as follows 
V"BXC 



Let B = 36, C = 3.5, and D = 10.5. Find the value of A. 
If we Ineert these values In the formula, we have: 
V36 X 3.B 6 X 3.5 21 



10.6 lO.G 10.6 

As another example. And tbe value of A In the formula 
S' + C 



, If B = 5, C = 7, and D = 2. 



If we Ineert theee vaLues In the formula, and cairr out the calcula 
tlon, remembering that E* = C X 5, 7* ^ 7 X 7, etc., we have: 
6* + ?• 26 + « 74 

2" 4 4 ' ' 

Find the value of A In the formula 

A = V «* + "^, if B = 8 and = 6. 
If we iosert the given values in the formula, we have: 

A — y/W+J' = '/Tx~i + 6"X~5 = Ve4 + 36 = vTOO = 10. 
The examptee given indicate the principlea Involved in the use of 
formulas, and show, as well, how easily formnlu may be employed by 
anyone who has a general understanding of arithmetic. 



CHAPTER II 



ANGLES AND ANQUIiAB MEASHRBMENTB 

When two lines meet as shown in Fig. 1, they form an angle with 
each other. The point where the two lines meet or Intersect is called 
the vertex of the angle. The two linee forming the angle are called 
the aides of the angle. 

Angles are measured in degrees and eubdlvlelons of a degree. If 
the circumference (periphery) of a circle is divided Into 360 parts, 
each part Is called one degree, and the angle between two lines from 
the center to the ends of ttUa small part of the circle Is a one^egree 
angle, as shown in Fig. 2. As the whole circle contains 360 degrees, 
one-half of a circle contains ISO degrees, and one-quarter of a circle, 90 
degrees, as shown In Fig. 3. 

A 90-degree angle Is called a right angle. An angle larger than 90 
degrees Is called an obtuie angle, and an angle leas than 90 d^reea la 
called an acute angle. (See Fig. 10.) Any angle which Is not a right 
angle la called an oblique angle. 
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When two IlneB form a rlgbt or SO-degree angle with each other, as 
shown In Fig. 3, one line Is said to be perpendicular to the other. 

Angles are said to be equal when thef contain the sam^ number of 
degrees. The angle In Fig. 4 and the angle In Fig. 6 are equal, be- 
cause the? are both 60 degrees; that the sides of the angle In Fig. 6 
are longer than the sides of the angle In Fig. 4 has no Influence on the 
angle becatue of the fact that an angle Is only the difference m direo 
Moti of two Unee. The angle In Fig. 6 which contains only 30 degrees 
U only one-half of the angle In Fig. 4. 

One-half of a right angle is 45 degrees, aa shown In Fig. 7. In Big. 
8 Is shown an angle which is 120 degrees, and which can be divided 
Into a right or 90-degree angle, and a 30-degree angle. 

In order to obtain finer subdirlsloiis for the measurement of angles 
than the degree, one degree Is divided Into 60 minutes, and one minute 
Into 60 seconds. 




Any part of a degree can be expreaaed In minutes and seconds, for In- 
stance, 1/2 of a degree^SO minutes, VS of a degree^SO minutes; and 
aince 1/4 of a degree ^ 15 minutes, 3/4 of a degree ^ 45 minutes. In 
the same way 1/2 minute := 30 seconds, 1/4 minute ^ 15 seconds, and 
3/4 minute ^=46 seconds. 

The word degree is often abbreviated '"deg." or the sign (°) is used 
to Indicate degrees; thus, 60° ^ 60 degrees. In the same way 60* ^ 
60 mln. ^ 60 minutes, and 60" =^ 60 sec. =^ 60 seconds; and 60° SO' = 
60 degrees 50 minutes. 

When adding and subtracting degrees and minutes, care must be ex- 
ercised not to make mistakes on account of there being but 60 minutes 
In a degree, instead of the usual 100 units met with when adding, for 
example, dollars and ceuts. 

Example 1. — Add the two anglee 60 deg. 32 mln. and 35 deg. 16 mln. 
60 deg. 32 mlQ. 
35 deg. 16 mln. 



95 deg. 48 min. 
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ANGULAR MEASUREMENTS 
Example 2. — Add 16 deg. 43 mln. to 12 deg. 27 mln. 
16 deg. 43 mln. 
12 deg. 27 mln. 

28 deg. 10 miD. 







In tblB example the total Bum of 43 and 27 mlnut«s Is 70 minutes; 
as 70 minutes, however, contains one whole degree (60 minutes), 
this Ib carried over and added to the degrees, leaving 10 minutes In 
the minute column, and 15 + IS + 1 ^ 28 degrees In the degree col- 



/// 



X. 



^ « '^ ONEWHOLECinCLG — SGODEQREES 

^ \ \ ONE-HALF CIRCLE— 1 SO. DE0REE8 

1 ' p 



Lme-OUARTER CIRCLE— 90 DEQREU 



Example 3.— Add S9 deg. 12 mtn., 16 deg. 63 mln., and 103 deg. 66 

59 deg. 12 mln. 
16 deg. 53 min. 
103 deg. 55 mlD. 



180 deg. mln. 
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In ftddlng the minutes (12 + 53 + &G = 120 mln.) we find that their 

sum equals 2 whole decrees. These are then carried over to the degree 

column and the total sum equals G9 + 16 + 103 + 2 = 180 deg. 

Example i. — Subtract 12 deg. IT mln. from 21 deg. 39 mln. 

21 deg. 39 mln. 

12 deg. 17 mln. 



9 deg. 22 min. 




RUHT ANQLE OerUSE ANGLE 



Erample I, — Subtract 31 deg. 43 mln. from 106 deg. 12 mln. 
106 deg. 12 mln. 
31 deg. 43 mln. 



74 deg. 29 mln. 
In this caoa we must borrow from the degrees. One deg. = 60 mln. 
and HO + 12 = 72; then 72 — 43 = 29 mln. Having borrowed one 
degreo from 106, we have 105 — 31 = 74 deg. 



CH.\PTER III 



POSirrVB AND NEQATIVB QUANTITIHS 

In order to be able to use correctly the formulas for the solution of 
triangles under certain conditions, a working knowledge of the prin- 
ciples of positive and negative numbers or quantities is required. In 
this chapter, therefore, an explanation of the meaning of these ex- 
pressions will be given, together with the rules for calculations with 
negative numbers, and examples to make the rules thoroughly under- 
stood. 

On the thermometer scale, as Is welt known, the graduations extend 
upward from lero, the degrees being numbered 1, 2, 3, etc. Gradua- 
tions also extend downward and are numbered In the same wav: 1, 2, 
8, etc. The degrees on the scale extending upward from the zero 
point may be called poaitive and preceded by a plus sign, so that, for 
Instance, + 6 degrees means 6 degrees above zero. The degrees below 
aero may be called negative and may be preceded by a minus sign, so 
that — 5 degrees means 5 degrees below zero. 
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POSITIVE AND NEGATIVE QUANTITIES 11 

The ordinary numbers may alao be coneidered positive and negative 
in the same way as the graduations on a thermometer scale. When we 
count 1, 2, 3, etc., we reter to the numbers that are larger than (cor- 
responding to the degrees above the Eero point), and these numbers are 
called positive numbers. We can conceive, however, of numbers ex- 
tending in the other direction of 0; numbers that are, in fact, less than 
(corresponding to the degrees below the zero point on tlie ther- 
mometer scale). As these numbers must be expressed by the same fig- 
ures as the positive numbers, they are designated by a minus sign 
placed before them. For example, ^ 3 means a number that is as much 
less than, or beyond In the negative direction as 3 (or, as it might 
be written, + 3) is larger than in the positive direction. 

A negative value should always be enclosed within a parenthesis 
whouever It la written in line with other numbers; for example: 
17 + ( — 13)— 3 X (—0.76) 

Id this example — 13 and — 0.76 are negative numbers, and by en- 
closing the whole number, minus sign and all. In a parenthesis. It Is 
shown that the minus sign is part of the number itself. Indicating its 
negative value. 

It must be understood that when we say 7 — 4, then 4 Is not a nega- 
tive number, although it Is preceded by a minus sign. In this case 
the minus sign Is simply the sign of subtraction, Indicating that 4 is 
to be subtracted from T. But 4 is still a positive number or a number 
that Is larger than 0. 

It now being clearly understood that positive numbers are all ordi- 
nary numbers greater than 0, while negative numbers are conceived 
ot as less than 0, and preceded by a minus sign which Is a part of 
the number Itself, we can give the following rules tor catculations with 
negative □uml>ers. 

A negative number can be added to a poiitive number by subtracting 
Ua numerical value from the positive number. 

Examples: 
4+ (—3) =4 — 3 = 1. 
16 + { — 7) + ( —6) = 16 — 7 — 6 = 3. 
3!7 + ( — 0.6) — 212 = 327 — 0.5 — 212 = 114.B. 

In the last example 212 Is not a negative number, because there Is 
no parenthesis Indicating that the minus sign is a part of the number 
itself. The minus sign, then, Indicates only that 212 Is to be sub- 
tracted In the ordinary manner. 

As an example Illuminating the rule for adding negative numbers 
to positive ones, the case of a man having flZ in hia pocket, but owing 
(9, may be taken. His debt Is a negative quantity, we may say, and 
equals ( — 9). Now if he adds his cash and his debts, to And out 
how much he really has, we have: 
12 + ( — 9) = 12 — 9 = 3. 

Of course, in a simple case like this, it is obvious that 9 would be 
subtracted directly from 12, but the example serves the purpose of lllus- 
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tr&ttng the method used when a negative number le added to a poeltlve 
number. 

A negative number can be au&tracted f^om a potitive number ity add- 
ing lt« numerical value to the positive number. 
Example!: 
i— (—3) =4 + 3 = 7. 
16— ( — 7) =16 + 7 = 23. 

327 — ( — 0.5) — 212 = 327 + 0.6 — 212 = 115.5. 
In the last example, note that 212 is subtracted, because the minus 
BlgD In front of it does not Indicate that 212 is a negative number; 

As an llIUBtratlon of the method used when eubtractlng a negative 
number from a positive one, assume that we are required to find how 
many degrees difference there is between 37 degrees above lero and 24 
degrees below; this latter ma; be written ( — 24). The diSerence be- 
tween the two numbers of degrees mentioned Is then: 
37 — ( — 24) = 37 + 24 = 61, 
A little thought makes It obvious tliat this result Is right, and the 
example shows that the rule given is based on correct reasoning. 

When a positive number is multiplied or divided T>y a negative num- 
ber, multiply or divide the numerical valtie« as usual; but the product 
or quotient, respectivel]/, becomes negative. The same rule holds true 
If a negative number is divided by a positive number. 
fi tramples: 
4 X (— 3) =— 12. ( — 3) X 4 = — 12. 

IB —16 

— 3~ " 3 ~ ' 

When ttoo negative numbers are multiplied by each other, the pro- 
duct i» positive. When a neifstive number is divided by another nega- 
tive number the Quotient is positive. 
Examples.' 

— i 
i—i) X ( — 3) =12. = 1.333. 

— 3 

II, in a subtraction, the number to be subtracted is larger than the 
number from which It is to be subtracted, the calculation can be carried 
out br Bubtract'lng the smaller number from the larger, and indicating 
that the remainder Is negative. 

Examples .' 
3 — 6 = — (5 — 3) = — 2. 

In this example 5 cannot, of course, be subtracted from 3, but the 
Dumbers are reversed, 3 being subtracted from 5, and the remainder 
indicated as being negative by placing a minus sign before it. 
227 — 375 = — (375 — 227) = — 148. 

The examples given, If carefully studied, will enable the student to 
carry out calculations with negative numbers when such will be re- 
quired in solving triangles. 



byGoogIc 



CHAPTER IV 



FUNCTIONS OF ANGLES 

Any figure bounded bj tbree stralEbt lines la called a triangle. Any 
one of the three lines may be called the base, and the line drawn from 
the angle opposite the base at right angles to It la called the height 
or altitude of the triangle. In Fig. 11, If the Bide j^ is taken as the 
base ot the triangle, then G Is the altitude. 

If all the three sides of a triangle are of equal length, as In the one 
shown in Fig. 12, the triangle is called equilateral. Each of the three 
angles is an equilateral triangle equals 60 degrees. 

If two sides are of equal length, &b shown in Fig. 13, the triangle Is 
an Uosceles triangle. 

If one angle ie a right or 90-degree angle, the triangle is called a 
riffht or riffhl-anffled triangle. Such a triangle is shown In F^. 14; 
the side opposite the right angle is called the hypotenuge. 




Fl»l 



If all the angles are less thaa 90 degrees, the triangle Is called an 
acute or acute-angled triangle, as shown in Fig. 11. If one of the 
angles is larger than 90 degrees, as shown in Fig. 15, the triangle is 
called an oblute or obtute-angled triangle. The sum of the three 
angles in every triangle is ISO degrees. 

ObJ«ot of Triton omtftry and Trlffonometrlc Functions 

The object of that part of mathematics called trigonometry Is to fur- 
nish the methods by which the unknown sides and angles in a triangle 
may be determined when certain of the sides and angles are given. 

The sides and angles of any triangle, which are not known, can be 
found when: 

1. All the three sides, 

2. Two sides and one angle, or 
One side and two angles, /-^ I 

lyGoogle 



Digitized by V 



14 No. 54— SOLUTION OF TRIANGLES 

are given. In other words, II the triangle la considered as conaiBting 
of six parts, three angles and three sides, the unknown parts can be 
determined when any three of the parts are given, provided at least 
one of the given parts Is a aide. 

In order to Introduce the values of the angles In calculations of trf- 
angtes, use Is made of certain expressions called trigonometrical /unc- 
tions or fttnctions of angles. The names of these expreaeions are: 
tine, cosine, tangent, cotangent, secant, and cosecant. These expres- 
sions are usually abbreviated as follows: 

ain ^ sine, cot ^ cotangent, 

cos = cosine, sec ^ secant, 

tan ^ tangent, cosec ^ coaecant 

Id Fig. 16 la shown a right-angled triangle. The lengths of the 

three sides are represented by a, b and c, respectively, and the angles 

opposite each of these aides are called A, B and C, respectively. Angle 




A Is the right angle In the triangle. The side a opposite the right 
angle Is the hypotenuse. The side b Is called the side adjacent to the 
angle C, but la of course alao the aide opposite to angle B. In tbe aaoie 
way, the side c la cAlled the side adjacent to angle B, and the side oppo- 
site to angle C. The reason for these names Is made clear by studying 
the figure. 

The meanings of the various functions of angles previously named 
can be explained by the aid of a right-angled triangle. 

The sine of an angle equals tAe opvoaite side divided by the hypoten- 

Tbe alne of angle B thus equals the aide b. which is opposite to the 
angle, divided by the hypotenuse a. Expressed as a formula we have: 



If a = 16. and 6 



= 9, then sin B = 
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The cosine of on angle equals the adjacent aide divided Oy the hypot- 
enuae. 

The coBlne of angle B thus equals the side c, which la adjacem to 
thia angle, divided Xty the hypotenuse a. or, expressed as a formula, 

coeB= — . 



If o = 24, and c = 15, then c09B = — =0.625. 
24 

The tangent of an angle equals the opposite side divided by the ad- 
jacent side. 

The Ungent of angle B thus equals the side J> divided by aide c. or. 



If 6 = 28, and c = 25. then tan B=—= 1.12. 
25 

The cotangent of an angle equals the adjacent side divided by the 
opposite side. 
The cotangent of angle B thus equals the side c divided by the side 



If 6 = 28, and c — 25, then cot B^ — = 0.89286. 

28 
The secant of an aiigte equals the hypotenuse divided by the adjacent 

The secant of angle B thus equals the hypotenuse a divided by the 

side c adjacent to the angle, or aec B ^ —. 

34 

If a = 24, and c = 15. then aec B= — =1.S. 
15 
int of an angle equals the hypotenuse divided by the oppc- 



aide b oppoalte the angle, c 



If a = 16. and B = 9, then cosec B = — = 1.77778. 
9 

The rules given attove are very easily memorized, and the student 
should go no further before he can Bee at a glance the various functions 
In a given right-angled triangle. 

It the (unctions of the angle C were to be found Instead of the fuiic- 
tlons of angle B. ae given above, they would be as follows: 



:., Cookie 



No. 54—SOLVTION OF TRIANGLES 

c » 

— cobO = — tai 




It must be remembered tbat the functlone of the angles can be found 
tn tbiB maimer only when the triangle la rlgbt-angled. If the triangle 
has the shape shown by the full Itnea in Pig. 17. the Bine of angle D, 
tor Instance, cannot be expressed by any relation between two sides of 




this triangle. The sine of angle D, however, can be found by construct- 
lag a right-angled triangle by extending the side e to the point F, from 
where a line can be drawn at right angles to the vertex or point of 
angle E. as shown by the dotted line. The sine of angle D would then 
be the length of the dotted line g divided by the length of the line A, 
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these two lines being, respectively, the side opposite angle D, and the 
hjpotenuae. In a. right-angled triangle. In the same way, the tangent of 
angle D would be the side g divided by the side /. 

Bxamplaa for Ftndlii? tbe Values of the Functions of Anfflee 

In Fig. IS is shown a right-angled triangle where the side opposite 
angle B Is four Inches, the aide opposite angle C is 3 Inches, and the 
hypotenuse Is 5 Inches. Find the values of the functions of the angles 
B and C. 

Following the rules previously given for finding the sine, cosine, 
tangent, etc, we have: 

i 3 

sin B = — ^0.8 cos B^ — ^0.6 



tan B = — = 1.333 cot B = — = 0.75 

3 4 

5 5 

sec B = — = 1.667 coaec B ^ — = 1.25 

3 4 

The functions for angle C are as follows: 

3 4 

sin C = — = 0.6 cos C=— = 0.8 

5 6 

3 4 

tan C=— =0.75 cot C = — = 1.333 

4 3 

6 6 

sec C= — = 1.25 cosec C= — =1.667 

4 3 

The secant and cosecant, being merely the values of 1 divided by 
the cosine and sine, are not often used Id calculations, or included In 
tables of angular functions. 

By studying the results obtained in the calculations above it will 
be noted that in a right-angled triangle there Is a definite relation be- 
tween the functions of the two acute angles. The elne of angle B 
equals the cosine of angle C; the tangent of angle B equals the co- 
tangent of angle C. etc. This Is true of all right-angled triangles. 

As the sum of the three angles In a triangle always equals ISO de- 
grees, and as a rlgbt angle equals 90 degrees, It follows that the sum 
of the two acute angles In a right-angled triangle equals ISO — 90^90 
degrees. The angle B (Fig. 18) which together with angle C forms a 
90-degree angle. Is called the complement of angle C. In the same way 
angle C Is the complement of angle B- When any two angles together 
make 90 degrees, the one !s the complement of the other, and In all 
such cases, the sine of the one equals the cosine of the other, and vJce 
versa, the tangent of the one equals the cotangent of the other, etc. 
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CHAPTER V 



TABLES OP TRIGONOMETRIC FUNCTIONS 



Wben using formulae ot tbe type 

16 X sin 36 deg. 



It is, of course, not possible to And the value of A unless we Iiave some 
means of transforming the expression "aln 36 deg." (read: sine of 36 
degrees) Into plain figures. In other words, we muse know ttie nu- 
merical value of "sin 36 deg.," before we can calculate A. Assume 
that "aln 36 deg." equals 0.SS779. Then, if we insert this value In the 
formula, we have; 

16 X 0.58779 

A = = 4.70232, 

2 
Tlie numerical values for the natural or trigonometric functions 
irblcb must thus be found before a formula containing an expression 
with a trigonometric function can be calculated, are given In the 
tables In Part II of this treatise. Maciiineht'b Reference Series No. 
65. In tbe following, when reference to "the tables" Is made, these 
tables are always referred to. From these tables, when tbe angle Is 
given in degrees and minutes, the corresponding numerical value of 
any of the trigonometric functions can be found; and If the numerical 
value of the function Is known, the corresponding angle can be de- 
termined. 

It will be seen in^tbe tables that tbe number of degrees from de- 
gree (0°) to 44 degrees (44°) are given above the tables, and tbe num- 
ber of minutes in the left-hand column headed with the minute sign CI, 
reading downward from to 60. The number ot degrees from 4& de- 
grees (45°) to 89 degrees (89°), inclusive, are given at the bottom of 
the tables, and the minutes for the latter degrees are given in the ex- 
treme right-hand column, reading from below and up. from to 60. 
The four main columns In the tables are headed "Sin," "Cos," "Tan," 
and "Cot," at the top of the tables, and at the bottom of the same 
tables are the main legends "Cos," "Sin," "Cot," and "Tan." This 
. Indicates that when the sine of an angle is required the number of de- 
grees of which angle is given at the top of the table, the sine will be 
found In the column headed "Sin" at the top; but when the sine of an 
angle, the number ot degrees of which Is given at tbe bottom, Is to l>e 
found, the sine is found in the second main column, having the word 
"Sin" at the bottom. The same, of course, applies to the other func- 
tions, cosine, tangent, and cotangent. 

By referring to the tables It will be seen further that there are two 
columns of figures in each of the main columns, one headed "Nat." 
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(natural lunclton) and one "I^g." (logarithm). For the present, we 
are concerned with (he figures given in the column vnaer "Nat." only, 
and will treat the subject as U the logarithms of the functions and the 
columns headed "d." and "c. d." did not exist. Later, we will return 
to the use of these. 

Assume now that the sine, cosine, tangent or cotangent of an angle 
between and 46 degrees is to be found. First Qnd the given number 
of degrees at the top of the table; then find the given number of min' 
utes in the extreme left-hand column. Then, read off the figures in 
the column of the natural sine, coalne, tangent or cotangent, as the 
case may be, which is opposite the given number ot minutes. This 
value, just read oK, Is now the numerical value of the function which * 
was to bo found. 

In reading off these values, care must be taken to place the decimal 
point properly, as this point is not always given in the tables. The 
sine and cosine of angles are never over 1, eo that when the table gives 
the figures 99949 as the cosine of 1 degree 60 minutes, the decimal 
point should be placed In front of these figures, the value being 0.99949. 
The same refers to the other functions when no decimal point Is given. 
A decimal point should then always be placed in front of the figures 
given in the tables. 

When the sine, cosine, tangent or cotangent of an angle between 46 
and 90 degrees is to be found, first find the given number of degrees at 
the bottom of the table; then find the number of minutes in the extreme 
right-hand column. Then read off the required function opposite the 
number ol minutes, in the column marked with the required function 
at the bottom. 

Examples of the Use of Trlaronometrlc Tables 

Example 1. — Find front the tables the sine ot 56 degrees, or, as it is 
commonly written, sin 66°. 

Find first "56°" at the bottom of Its page, and then (as In this case 
there are no minutes) locate 0' (0 minutes) in the extreme right-band 
column, reading from the bottom up. Then, in the column "Nat. Sin." 
marked at the bottom, read ott O.S2904 opposite minutes, which is the 
required value of the sine of 56 degrees. (Note that the two first fig- 
ures (82) In the number 82904 are not given opposite every number but 
only at every fifth number of minutee, but these two figures are to be 
prefixed, as is easily understod from the table.) 

Example 2.— Find sin aO' 20', 

Find first "50°" at the bottom of its page, and then locate 20' in the 
right-hand column, reading from the bottom up. Then, In the column 
"Nat Sin." marked at the bottom, read oR 0.T69TT opposite 20 minutes. 
This is the required value of sin 50° 20'. 

Example 3.— Find tan 36° 26'. 

Locate 36° at the top of its table, and 26' In the left-hand column. 
Then read off 0.T3S16 In the column "Nat. Tan." This Is the required 
value of tan 36° 26'. 

Example 4. — Find cos 36° 19'. ^ , 
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In the same manner as in the examples above, cos 36° IS* is found 
to equal 0.80576. 

The Btudent should And the following functions from tbe tables 
and then compare the result found with the values given, to check the 
accuracy of the work: 

Bin la- 10' = 0.2107S cos 60° 0' = 0.B0000 

■ sin IS" 50' = 0.27284 sin 65" H>' = 0.90753 

tan 1° aO' = 0.OZ328 sin 12° 3' = 0.20877 

Trigonometric Punctlona for Angles greater than 80 Degrees 

^ The tables In Part II, Reference Series No. 6S, give the angular func- 
tions ODlj' for angles up to 90 degrees (or 89 degrees 60 minutes, which, 
ot course, equals 90 degrees). In obtuse triangles one angle, however. 
Is greater than 90 degrees, and the tables can be used for flndlag the 
functions for angles larger than 90 degrees also. 

The sine of an angle greater than 90 degrees hut less than ISO de- 
grees equals the sine ot an angle which Is the difference between 180 
degrees and the given angle. 

Example: Sin 118° = sin (180° — 118°) — sin 62°, In the same 
way sin 150° 40' = sin (180° — 150° 40') = sin 29° 20', 

The cosine, tangent and cotangent for an angle greater than 90 
hut less than ISO degrees equals, respectively, the cosine, tangent and 
cotangent of the difference between ISO degrees and the given angle, 
but In this case the angular function found has a negative value (is 
preceded by a minus sign). 

Example 1.— Find tan 150°. 

Tan 150° = — tan (180° — 150°) = — tan 30°. From the tables we 
have tan 30° = 0.57736; thus tan 160° = — 0.57735. 

Example 2.— Find sin 155° 50', 

As explained above ain 165° 50' = sin (180° — 155° 60') = sin 24° 
10' = 0.40939. 

Example 3. — Find tan 123° 20'. 

As explained above tan 123° 2r = — tan (180° — 123° 20') = — tan 
56° 40' = — 1.B204. 

[In calculations of triangles It Is very important that the minus sign 
Is not omitted in the cosines, tangents and cotangents of angles be- 
tween 90 and 130 degrees.] 

Finding the Angle wben the Function Is Given 
When the value of the function o! an angle is given, and the angle 
required in degrees and minutes, the function Is located in the tables 
and the corresponding angle found by a process the reverse of that 
employed for finding the functions when the angle Is given. If the 
value of the function cannot be found exactly In the tables, use the 
nearest value found. 

Example 1.— The sine of a certain angle, which may be called a, 
equals 0.53238. Find the angle. 

The function 0.53238 Is located In the columns marked "Sin." either 
at the top or at the bottom. When located, the degrees and minutes ot 
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Uie angle are read oS directly. If tbe function Is located la the column 
marked "Slu" at the top, the number of degrees Is read off at the top 
and the number ot minutes in the left-hand column; If the function is 
located In the column marked "Sin." at the bottom, the degrees are read 
off at the bottom and the minutes in the right-band column. Following 
these rules, ve find the required angle to be 32° 10'. 

Example S. — The cotangent of an angle Is 0.771S6. Find the angle. 

By obserrlng the rules given In the previous example we find that the 
required angle Is 52° 20'. 

Example S. — The tangent of angle a ^ — 3.3402. Find a. 

The poBltlTfi value 3.3102 Is first located and the corresponding angle 
found. ThtB angle ts 73° 20'. As the tangent Is negative (preceded 
by a minus sign) the angle a, however, is not 73° 20' but (180" — 
73° ZC) = 106° W. 

Example 4.-~If sin a = 0.29381, what is the value of angle sT 

It win be seen that the function 0.29381 cannot be found exactly in 
the tables. The nearest value to be found In the sine columns ts 
0.29376. For practical purposes in machine construction and shop 
calculations It Is near enough to find the angle corresponding to this 
nearest value. Hence, a ^ 17° 6'. 



CHAPTER VI 



PBACTICAL APPLICATIONS OF TRIGONOMBTBIC 
FORMULAS 

In the following are given a few problems solved by the use of 
formulas ot which trigonometric functions are a part. These ex- 
amples will show the use of these functions; as obtained from the 
tables. In cases where it is only required to Insert their value In the 
given formulas. 

Example 1. — Tbe depth of the thread In the United States standard 
screw thread system is expressed by the formula: 

d = 3/4 X p X COB 30° 
In which d ^ depth of thread, 

1 
p ^ pitch of thread = 



No, of threads per Inch 
Assume that It Is required to find the depth of thread for 14 threads 
1 
per inch. Then p^ — , and 
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—In spiral gearing, the pitch diameter of a gear U found 



P X cos a 
In which 2> ^ pitch diameter of aplrat gear, 
N = number or teeth In gear, 
P = normal diametral pitch, 
a ^ tooth angle of gear. 
Assume that In a epeclflc case we know that V ^ 20, P = S, and 
angle a ^ 24 degrees; And the pitch diameter. Then: 
20 20 

D = = = 2.7366 Inches. 

8 X cos 24° 8 X 0.913&5 

Eicample 3. — The formula for finding the lead (or which to gear up 
th« milling machine when cutting spiral gears Is: 

L = 3.1416 X D X cot a 
In which L ^ the lead for which to gear up the machine. 
D ^ pitch diameter, 
a ^ tooth angle. 
' Assume that In a specific case we know that D = 5, and angle a := 24 
degrees. Then 

L = 3.1416 X 5 X cot 24° = 15.708 X 2-246 = 35.28 inches. 
Example 4.— In .a radial ball bearing, it the diameter of the balls, <I, 
and the number of balls, N, are known, the diameter D of the outside 
or enveloping ball race may be found by the following formula: 

d 
D = - 



-m 



asum 


that d = - 


- inch, and N = 15. Then: 


D = 


0.2g 


0.25 0.25 


. /ISO 


Bin 12° 0.20791 



= 1.2025 + 0.25 = 1.4525 inch. 
Example 5. — In a sprocket wheel tor ordinary link chain, the pitch 
diameter D can be determined when the number of teeth required, N, 
the length of the inside oval of the chain link, r, and the diameter of 
the stock from which the chain link Is made, d, are known. The for- 
mula used Is: 

N\ 8in(eO + .Vl° f \ cos («0-f-iV)° / 
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3 1 

If r ^ — Inch, d ^ — Inch, and V ^ 20 teeth, then: 

4 4 

D = .\i ■ \ + { '— — i =. 9.659' + 0.351' 

N \ sin 4° 30' / \ 008 4° 80' / N 

= V9T.437 = 9.582 inches. 
Example G. — In a Bueh roller chain wheel the pitch diameter D of 
the sprocket wheel can be found if the number of teeth in the sprocket, 
X, and the pitch P of the chain are decided upoa. Th.e formula is: 



sin 



i^L 



Assume that the pitch diameter of a sprocket vltb 72 teeth, for a 
chalp of % inch pitch, Is required. Then P = %, and N = 72; hence 
ISO 0.75 0.75 

= 2^i,and D= = ~ — — = 17.194 Inches. 

S sin 2° 30' 0.04362 

Example 7. — The following formula may l>e used for finding the 
angle to vblcb to set the dividing head of the milling machine when 
cutting teeth In the ends of end mills: 
360 

cos a = tan X cot /3 

N 
In which a = angle to which to set dividing head, 

p ^included angle of cutter with which teeth are milled, 
N =numher of teeth 'in end mill. 
AaBume that it Is required to cut the teeth in the end of an end 
mill having 12 teeth with a 70-degree angular milling cutter. 
360 

cos a = tan X cot 70° = tan 30° x cot 70° 

12 
= 0.57735 X 0.36397 = 0.21014. 
Having found that cos a = 0.21014, we find that a = 77' 62'. 
Example 8. — The angle to which to set the planer head when plan- 
ing an Acme threading tool having no side clearance, but 15 degrees 
front clearance, can he determined by the formula: 
tan 14' 30' 



cos 15 ' 
In which X = angle to which to set planer head. 
Carrying out the calculation, we have: 

tan 14° 30' 0.26862 



0.96593 
Having found that tan x ■= 0.26774, we find from the tables that 



X ^ 14° 59*. or practically 15 degrees. 
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RIGHT-ANGLED TRIANGLES 

If the lengths of two sides ol a right-angled triangle are known, the 
third side can be found by a simple calculation. In every right-angled 
triangle the hyiwteuuae equals the square root of the sum of the 
squares of the two sides forming the right angle. It the hypotenuse 
equals a, and the sides forming the right angle 6 and c, respectively, 
as shown in Fig. 19, then: 

o= V b' + C 

Bach of the sides b and c can also be found It the hypotenuse and 
one of the sides are known. The following formulae would then be 



Assume that side b is IS Inches, and side c, 7.5 inches. What Is the 
length of the hypotenuse a? 




o=V18'+7.5'=V18xi8+7.Bx7.6=V324-t 56.25= V380.25=19.5 

Assume that the length of the hypotenuse ts 10 Inches and that the 
side c Is 6 Inches. What Is the length of the side (>? 

Using the formula given above tor i>, and Inserting the values of a 
and c we have; 

b=V10'— 6'=V 10X10— ex6=V 100— 36= V64=8. 

Thus whenever two sides of a right-angled triangle are given, the 
third side can always be found by a simple arithmetical calculation. 
To find the angles, however. It ts necessary to use the tables of Sines, 
cosines, tangents and cotangents, as given In Part II, Macsinert's 
Reference Series No. &5; and It only one side and one of the acute 
angles are given, the natural trigonometric functions must be used 
for finding the lengths of the other sides, as explained In the following. 



..logic 



RIGHT-ANGLED TRIANGLES 



In Cbapter IV it is stated that the aides and angles of any triangle, 
whicb ore not known, can be round when: 

1. All tlte three sides, 

2. Two sides and one angle, or 

3. One Bide and two angles 

are given. In every right-angled triangle one angle, the right or 90- 
degree angle is, of course, always known. In a right triangle, there- 
fore, the unknown sides and angles can be found when either two 
sides, or one elde and one of the acute angles are known. 
, The methods of solution of right-angled triangles may t>e divided 
into four clBEses, according to which sides and angles are given or 
known: 

1. Two aides known. 

2. The hfpotenuae and one acute angle known. 

3. One acute angle and Its adjacent side known. 

4. One acute angle and Its opposite side known. 

Cate 1.— When two sides are known, the third side is found by 

one of the formulas: 

a= Vft' + c" (1) 

B=Vo' — c* (2) 

o=\/a'~B' (8) 

which formulas are given In the flrat part ol this chapter, and In 
which a Is the hypotenuse, and b and c the sides forming the right 
angle. 

The acute angles B and C, Fig. 19, are found by determining either 
the Bine, coalne, tangent or cotangent for the angles, as explained In 
Chapter IV, and obtaining the angles, expreased In degreea and min- 
utes, from the trigonometric tables. When one angle has been found, 
the other can also be found directly without reference to the tables, 
because the sum of the acute angles in a right-angled triangle OQuala 
90 degreea, and if one of them is known, the other must equal 90 
degrees minus the known angle. Expreased as formulas this would 
be; 

C — 90° — B 
As an example, assume that the hypotenuse of a right-angled triangle 
Is 5 Inches and one of the sidea 4 Inches, as shown in Fig. 20. Find 
angles B and C and the length of side c. 

The side c Is first found by Formula (3) given above, a and b being 
inserted In this formula as below: 

c = V5'^^4* = V25"^ 16 = V9~= 3. 
As explained In Chapter IV, the side opposite an angle divided by 
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Br referring to the trlKonometrlc tables, tt will be found that ttae 
nearest value to 0.6 in tbe columns of sines Is 0.59995, and tbe angle 
corresponding to this value Is 36° 62'. Angle C. then equals, 36° 52'. 

In tbe same way 



sinB = 



= 0.8. 



From ttae tables we And the nearest value In the columns of sines 
to be O.S0003, which is the sine of 53° 8'. 




This last calculation would not have been necesaar;, because, as has 
already been mentioned, angle B could have been found directly when 
angle C was known, bj the formula 

B = 90° — C = 90° — 36° 62' = 63° 8'. 

It will be noted that either method tor finding angle B gives the 
same result. 




As a further example, assume that the sides forming the right angle 
are given as shown in Fig. 21; one Is 15 Incbea and the other Is 36 
Inches. Find the hypotenuse and the anKles B and C. 

Tbe hypotenuse Is found by Formula (1), on page 25. the values of 
b aud c being Inserted. 

O = V 36" + 15' = V 1296 + 225 = \ 132"1 = 39. 

As explained In Chapter IV. the side opposite an angle divided by 
the side adjacent, equals the tangent of tbe angle. 
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tan B = — = 2.4. 

16 

By referriog to the tables. It will be Found that the nearest value to 

2.4 In the columns of tangents Is 2.4004, which U the tangent of 67° 23'. 

Hence B = 67° 23', and 

= 90° — B = 90° — 67° 23' = 22° 37'. 
Ca»e 2. — If the hypotenuse and one acute angle are known, the side 
adjacent to the known angle Is found by multiplying the hypotenuse 
by the coelne of the known angle; the side opposite the known angle 
la found by multiplying the hypotenuse by the sine of the known 
angle; and the other acute angle 1b found by subtracting the known 
angle from 90 degrees. 

We can eiprees this rule by simple formulas. Referring to Fig. 19, 

II a Is the h}rpotenuBe, and B the known angle, then : 

c = oXcosB 

E> = a X sin B 

C = 90°— B 

If C is the known angle, then: 

B^o X cosC 

e = o X iin C 

B = 90° — C 

As an example, assume that the hypotenuse a ^ 22 Inches, and angle 

B = 41* 36'. Find sides D and c, and angle C. (See Fig. 19.) 

By referring to the tables. It will be found that the nearest value to 
case when angle B la known, we have: 
c = a X cos B = 22 X cos 41° 36' = 22 X 0.74780 = 16.4516 Inches. 
6 = o X sin B = 22 X sin 41° 36' = 22 X 0.66393 = 14.606B Inches. 
C= 90° — 41° 36' = 48' 24'. 

Ca»e 3. — When one acute angle and its adjacent aide are known, the 
hypotenuse Is found by dividing the known side by the cosine of the 
known angle; the side opposite the known angle Is found by multiply- 
ing the known adjacent side by the tangent of the known aqgle; and 
the other acute angle is found by subtracting the known angle from 
90°. 

Referring to Pig. 19, we can express this rule by simple formulas. 
If B Is the known angle, and c the known side, adjacent to angle B, 
then: 

= 6 = cXUnB C=90°— B 

cobB 
If C Is the known angle, and B the known side, adjacent to angle C, 
then: 



As an example, assume that angle B ■= 25° 12', and Its adjacent side 
c ^ 12 inches. Find the hypotenuse a. opposite side 6, and angle C. 
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c 12 12 

= = ^ ^13.262 Inches. 

COflS COB 25" 12' 0.90483 

6 = cXtanB = 12x 0.47066 = 6.6467 Inchce. 

(7 = 90'' — 26° 12' = 64= 48'. 

Caae 4. — When one acute angle and Uia side opposite It are known, 
tbe hypotenuse Is found by dividing the known aide by tbe sine of the 
known angle; the side adjacent to the known angle Is found by multi- 
plying the known opposite side by the cotangent of the known angle; 
and the other acute angle Is found by subtracting tbe known angle 
from 90*. 




By referring to Ftg. 19, we can express this rule by simple formulae. 
If £ Ib the known angle, and b the side opposite, which la also known, 

6 

o = c=BxcotB C = 90°— B 

BiaB 
If C is the known angle, and c the known side, opposite to angle 17, 
then: 

a = 6 = c X cot C B = 90° — C 

slnC , 

As an example, aseume that angle C equals 65 degrees, and that the 
length of Bide c Is 12 feet, as shown In Fig. 22. Find the lengths of 
sides a and b and angle B. 

By Inserting tbe known values In the formulas just given for the 
case when angle C Is known, we have: 
12 12 
= = = = 13.3406 inches- 
sin C Bin 65° 0.90631 
6 = c X cot C = 12 X 0.46631 = 6.5957 Inches. 
3 = 90" — 66° = 25'. 
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PBOBUEMS PROM PRACTICE 

The calculations required In the dealsn of bevel gearing offer abun- 
dant examples or the use of the trigonometric functions and the solu- 
tion of right-angled trianglee. The student who 1b anxiouti to obtain 
additional practice, and to whom the practical applications of the for- 
muiaa given are of especial Interest, is, therefore, referred to Ma- 
CKiNEBT'8 Reference Series No. 37, Bevel CSearlng, for practical appli- 
cations. In the following, however, a number of practical examples, 
selected for the purpose of illustration, will also be given. 

Example 1.— Fig. 33 shows a section of a United States standard 
thread. Find a formula for the depth of the thread in terms of the 
pitch, and calculate the depth of screw threads with 12 and IG threads 
per inch. 




In the iiluBtraUou, p is the pitch of the thread. The pitch, of c< 



equals - 



1 



It la required to find the depth BC 



No. of threads per Inch, 
of the thread, expressed In terms of the pitch. This depth can be 
found if we can solve the triangle ABC. 

In the U. S. standard thread system there is a flat at the top and 
bottom of the thread as shown in Fig. 23. The width of this flat Is 
one-eighth of the pitch, as indicated. Hence, side AB of the right- 
angled triangle ABC equals one-half of % pitch minus one-half of '^ 

pitch = % pitch. The angle opposite this side 



\ 16 16 / 



pitch, or 

is also known; It Is one-half of the total thread angle, or 30 degrees. 

According to the rules and formulas in the previous chapter, therefore, 

BC = .48 X cot 30°. 
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ir we insert in this formula BC = a. AB = %p, oaA cot 30° = 1.7321, 

d = % p X 1.7321 = 0.6495 p 
in wblcb d = deptb of thread, 
p ^ pitch of thread. 
We wili now And the depth of the thread for 12 and 16 threads per 



Inch. 



1 



1 » = - 



No. of threads per Inch 
known values In the general formula Just found: 



: have, b7 Inserting the 



1 

0.6196 X —=0.0541 Inch, for 12 threads, 

12 

1 
0.6496 X — = 0.0406 inch, (or 16 threads. 

16 
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Example 2. — In laying out a master jig plate, It Is required that holes 
F and H. Fig. 24, shall be on a straight line which Is 1% Inch distant 
from hole E. The holes must also be on lines making, respectlvelr, 
40- and 50-degree angles with line EG, drawn at right angles to the 
sides of the jig plate through E, as shown in the engraving. Find the 
dimensions necesBary for the toolmaker. 

The dimensions which ought to be given the toolmaker in addition 
to those already given are Indicated by a, b, c, and d. The two latter 
are the radit of the arcs which If struck with E as a center will pass 
through the centers of F and H. We have here two right-angled tri- 
angles EFQ and EOH. We know one acute angle in each, and also the 
length of aide EQ (1^ Inch) which Is mutual to both triangles and 
which la the side adjacent to the known angle. From the formulas In 
the preceding chapter we, therefore, have: 

FG = 1.75 X tan 40° = 1.75 X 0.83910 = 1.46S4 inch. 
1.75 1.75 

FE = = = 2,3845 Inches. 

cos 40° 0.76604 

Off = 1.75 X tan SO" = 1.75 X 1.1918 = 2.0856 inches. 
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1.7E 



1.75 



EH= = = 2.7226 Inches. 

COB 50° 0M2^9 

But, by reterrinK to Pig. 24 It wlLI be seen that FB =: e, EH = d, 
21^ — FO = a, tmd FO + OH = b. Hence 

1 = 2.5 — 1.4684 = 1.0316 Inch, 

6 = 1.4684 + 2.0856 = 3.5640 Inches, 

c = 2.2846 inches. 

<2 = 2.7225 inches. 

Example 3. — If the pitch p ol a Bueh roller chain Is % inch, and the 
sprocket wheel Is to have 32 teeth, what will be the pitch diameter of 
the gear? (See Fig. 26.) 

By referring to the engraving, It will be seen that AD = p ^ % 
Inch, and AC = <4 AD = % inch, in this case. Line AB la the pitch 
radius or one-half the pitch diameter. Angle a la the angle for one 




tooth, and as the whole circle iB 360 degrees, b in this cose equals 
360 

= 11^4 degrees', or 11 degrees 15 minutes. One-half of o 






32 

equals 5 degrees 37 minutes, approximately. We, therefore, hare here 
a right-angled triangle In which we know the length of side AC and 
the angle opposite it. We want to find the hypotenuse AB. From 
the formulas In the preceding chapter, we have: 
AC 0.375 0.375 

AB = = = = 3.832 Inches. 

o Hln 5° 37' 0.09787 
sin — 
2 
The pitch diameter, then, equals 2 x 3.832 — 7.664 inches. 
Example 4, — A common method tor measuring the width of machine 
slide dove-tails Is Indicated diagram matlcally in Fig. 26. At A and B 
are shown carefully ground cylindrical gages of standard dimensions. 
In the example shown It is required to find what the distance d, measured 
by micrometers over the gages when these are pushed into the V's of 
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the dove-tall as ehowii, should be, In order to make sure that the 
piece le pianed to the dimensions given. The diameters of the gages 
are 0.760 inch. 

In order to find the dlmensloa d measured over the gages, we must 
find dimeaslon KO, Fig. 27. and add twice this length to the distance 3" 
from L to M In Fig. 26. It will l>e seen that EO = KE + EO; KE = 
^ X dlam. of gage ^= % ; EO Is solved from the right-angled triangle 
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EGH, in which angle EHQ equals 60 degrees, and side HO equals one- 
half of the diameter of the gage, or % Inch. 

Ea=BO X tan GO" = % X 1-7321 = 0.6495 Inch. 
SE + Ea = 0.375 + 0.649E = 1.0245 inch. 
d = 2 X 1.0245 + 3 = 5.049 inches. 

Example 5. — Small reamers 
are sometimes provided with 
flats instead of actual flutes. The 
diameter of the reamer Is, of 
course, measured over the sharp 
comers; If the reamer tapers, the 
taper of the flats will not be the 
same as the taper of the sharp 
comers , and the milling ma- 
chine dividing head must be set 
to a different angle from that 
which the cutting edge makes 
with the center line. A simple 
formula mar be deduced hy the 
aid of trisonometry for finding 
the angle to which to set the dividing head when milling the flats. 

Referring to Fig. S8, In which the reamer Is imagined as continued 
to a sharp point at the end, let 

a = angle made hj cutting edge with center line, 
a, wangle made by flat with center line, 
N :^ number of sides of reamer, 
T = taper per foot. 
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aa 1h evident from the Illustration. 

Angle a, Ib the angle sought. It will be eeen that If FE and HE were 
known, then 



But FE = AE > 



If we insert this value we haver 

AE X cos ,9 



n r+--^.— 4- 

^> Q, jriiB.iT.jti; 



The dfetance AE, however, la one-half of the taper In the distance HE. 
2AE 
The taper per inch then is , and the taper per Toot 



If we insert — in the formula above, 1 



Assume that the taper per foot is Vi Inch, and that a four'Slded 
reamer Is required. Find the angle to which to set the index'head. 



24 
= 2S minutes. 
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Example 6. — In Fig. 29 are shown two pulleys of 6 and 12 Inches 
diameter, vltb a Bxed center distance ot 5 feet. Find the length of 
belt required to pase over the two pulleys. The belt Is asBumed to be 
perfectly tighL 

The length of the belt is made up ot the two straight portions AC 
and BD, tangent to the circles as shown In Fig. 29, and of the arc 
AEB of the larger pulley and the arc CFD of the smaller pulley. AC 
and BD are equal. We will first find the length AC. By drawing a 
line H& from H, the center of the smaller pulley, parallel to AC, we 
can construct a triangle BOS In which SO ^ AC, and OK ^ AK — 
HC. That HO ^ AC Is clear from the fact that BC and EA are 
parallel, both being perpendicular or at right angles to the tangent 
line AC. The figure BOAC Is, therefore, a rectangle, and, hence, oppo- 
site sides are equal. BO, therefore, equals AC, and HC = OA. 

That Off = AK — HC Is evident from the fact that OK = AK — OA, 
but as GA = HC, It follows that OK = AK — HC. 







Now, AK is the radius of the larger pulley, which Is one-half Its di- 
ameter, or 6 Inches, and BC is the radius of the smaller pulley or 3 
Inches. Hence, OK ^6 — 3 ^= 3 Inches. BK = 5 feet or 60 Inches, 
as given In the problem. We then have here a rlEht-angled triangle 
In which the hypotenuse BK = 60 inches, and one of the sides forming 
the right angle Is 3 Inches. Hence, side OH Is found by the formula 
given for this case In the previous chapter, and by Inserting the known 
values we have: 

OB = veu' — 3' = V3000 — 9 = V339i = 59.925. 

As OB = AC, we, therefore, have AC ^ 59.92.i, and as AC = BD, we 
have AC + BD =^ 119.Sa Inches. It now remains to find the lengths 
of the circular arcs AEB and CFD. In order to find these lengths we 
must first find the number of degrees in these arcs, and to find this, 
the flrst step Is to find angle a. According to the rules given In Chap- 
ter iV, 



OK 



- 0.05. 



From this we find from the trigonometric tables that a 
It will be seen from Fig. 29 that angle AKE = ISO" - 
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87° 8' = 92° 52'. Angle EEB =• angle AJCE, bo that the arc AEB, 
therefore, la equal to twice angle AKE or 

arc AEB = 2 X 92° 52' = 185° 44'. 

The whole circumference o( the larger pulley equals 3.1416 x 12 = 

37.699 Inches. As the whole circumference Is 360 degrees, its length in 

Inches Is to the length of arc AEB as 360° Is to lSa° 44', or 

37.699 360° 



arc ABB 185° 44' 
Transposing this expreealoQ, we have 

37.699 X 185° 44' 



Before we can carry out this calculation we must transform 44 min- 
utes to decimals of a degree. Aa 44 minutes equals 44/60 of a degree, 
44 

this, changed to a decimal fraction equals = 0.73, and 185° 44' 

60 
equals 1S5.T3 degrees. Then: 

37.699 X 135.73 

arc ABB = ^19.45 inches. 

360 
Now, to find arc CFD. angle CHF Is first determined. This angle 
equals angle GKH or a, because AK and CM are parallel Hoes. Hence 
arc CFD ^ a X angle « ^ 2 X 87° 8' = 174° 16'. Now, proceeding as 
before we have: 

3.1416 X 6^ 18.8496^circumference of small pulley. 
18.S49S 360° 

arc CFO 174^16' 
Transposing this and changing 16 minutes to decimals of a degree, 
gives us: 

18.8496 X 174.37 

arc CFDi=. = 9.12 inches. 

360 
The total length of the belt, then, equals 

119.85 + 19.45 + 9.12 = 148.42 Inches. 
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CHAPTER IX 



SOLUTION OF OBLIQUB-ANGLBD TRIANGLES 

The metbode used In the solution of oblique triangles — tbat 1b, trl- 
uiglea, no one of whose angles is a right angle — differ according to 
which parts are known and which are to be found. The problema 
which present themselves ma? be divided into four classes: 

1. Two angles and one side known. 

2. Two sides and the aogle Included between them known. 

3. Two sides and the angle opposite one of them known. 

4. The three sides known. 

1. Two Angles and One Side Known 
Assume that the angles A and B In Fig. 30 are given aa shown, and 
that aide a Is 6 Inches. Find angle C, sides b and c, and the area of 
the triangle. 




As the sum of the three angles la a triangle always equals ISO de- 
grees, angle C can be found directly when angles A and B are given, 
by subtracting the sum of these angles from ISO degrees. Angle A ^ 
SO degrees and B ^ 62 degrees; therefore, 

C = 180'' — (80° + 62°) = 180°— 142° = 38". 
For finding the sides b and c the following rule Is used: The side to 
be found equals (he known side multiplied by the sine of the angle op- 
posite the side to be lound. and the product divided by the sine of the 
angle opposite the known side. 

To find side b, for example, multiply the known side a by the sine 
of angle B, and divide the product by the sine of angle A. Written as 
a formula this would be: 

a X sin B 

b = (4) 

sin A 
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III the Bame war 

o X sin C 

Bind 
If we inaert the known values (or side a and the angles in these (or- 
mulas, we have; 

5 X Sin 62° 5 X 0.88296 

b= = =4.483 Inches. 

sin 80° 0.98481 

5 X sin 38° 6 X 0.G1666 
c^ = ^3.126 Inches. 

sin 80° 0.98481 

Now all the aides and angles are known, and It only remains to 
find the area o( the triangle. This Is found by the following rule: 
The area of a triangle equals one-half the product of two of its stdet 
multiplied by the sine of the angle between them. (This rule gives 
the same result as that given In Machinebt's Reference Series Book, 
No. 62, Advanced Shop Arithmetic for the Machinist, Chapter Till.) 




In the example In Fig. 30, the area, then, equals one-half the product 
of sides a and b multiplied by the sine of angle C. or, expreesed as a 
formula: 

o X 6 X sin (7 

AreB = (6) 

2 

Inserting the known values for a, b, and C In this formula we have: 

• 5 X 4.483 X sin 38° B X 4.483 X 0.61666 



All the required quantities In this triangle have now been found. 
BzampleB for Practice 

Example 1. — In Fig. 31 is shown a triangle of which one side Is 6.6 
f«et, and the two angles A and C (TS and 73 degrees, respectively) are 
given. Call the sides a, b and c, as shown. Find angle B, sides b and 
c, and the area. 
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First find angle B. Using the same method aa explained for And- ' 
log angle C In tbe previous example, we have: 

B = 180° — (78° + 73°) = 180° — 151° =29°. 
For finding sldea b and c use the rule or formulas previously given. 
Inserting the values given In this example: 

o X sin B 6.6 X sin 29° '6.5 X 0.48181 
0.97815 



0.95E30 



Sin A 


Bin 78° 


=■ 


3.151265 
= 3.223 ) 

0.97815 


X Bin C 


6.5 X Bin 73° 



sin A sin 78° 0.97815 

6.21595 

= — = 6.355 (eet. 

D.S7S15 
According to the given rule and formula, the area Is Qnallj' found 
as belov: 




6.5X3.232X0.95630 20.027 

= = =10.013 square Teet. 

2 2 

Example 2.— In Fig. 32. Bide a equals 3.2 Inches, angle A, 118 degrees, 
and angle B 40 degrees. Find angle C, sides b and c. and the area. 
First find angle C. 

C = 180° — (118° + 40°) = 180° — 15S° = 22°. 
N'ow find side 6. 

3.2 X Bin 40° 3.2 X 0.64279 

6 = = = 2,330 Inches. 

Bin 113° 0.88295 

Note, when finding sin 118° from the tables, that sin 118° = sin 
(180° — 118°) = Bin 62° as explained in Chapter V. 
Next, find side <.: 

3.2 X aln 22° 3.2 X 0.37461 



obyGoogIc 



OBLIQUE-ANGLED TRIANGLES 39 

FiDallr, 

3.2 X 2.33 X sin 22" 

Area = =^1.396 square Inch. 

2 

Example 3.— In Pig. 33. side 6 = 0.3 foot, anfele B = 35° iC. and 
angle C = 24° \iy. Find angle A. sides a and c, and the area. 
A = 180° — (35° 40' + 24° 10') = 180" — 59° W = 120° 10'. 

To And aide o, use the rule already given, from which we get the 
formula below: 

ftXBlnd 0.3 X alnlBO-lO' 0.3x0.86467 

= = = = 0.445 foot. 

sin B Bin 35° 40' 0.58307 

To find side c, use again the same rule, from which we then get: 

bXslnC 0.3 X sin 24° 10' . 0.3x0.40939 

= 0.211 foot. 
slnB 




Note that In this example the formulas for a and c have the same 
Jorm as Formulae (4) and (5) on pages 36 and 37, but as the side b Is 
the known side, instead of a. the side b Is brought Into the formula In- 
stead of a, and angle B Instead of angle A. The formulas for a and c 
In this example are directly deduced from the rule on page 36. for find- 
ing the unknown sides. 
To find the area, use Formula (0) : 

a X 6 XalnC 0.44Ex0.3xaln 24° 10" 
2 2 

0.446 X 0-3 X 0.40939 

=0.027 square foot. 

2 
Summarjr of Formulas 
If the angles of a triangle are called A.. B and C, and the aides oppo- 
site each of the angles, a, b and c, respectively, as shown In Fig. 30. 
then. If two angles and one side are known, the remaining angle, the 
two unknown sides and the area may be found by the formulas below: 
i = 180° — (B -(- C) (7) 

B = 180' — (J.-I-C) (8) 
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< sin J ax Bin B 



sInB 






Bin A 


8ln£ 


cXBlnA 






c XslnB 

0= 

sine 


X sin C 
sin A 


alnC 


OX ft 


X 


BlnC 


6 X c X sin A 


a X c X Bin B 



2. Two Sides and the Included Angle Known 
Assume that the sides a and h In Fig. 34 are 9 and S inches, respect- 
ively, as Bbown, and that the angle C formed hj these two sides Is 35 
degrees. Find angles A and B, side c, and the area oC the triangle. 
The tangent of angle A Is found br the following formula: 

a X sin 

t8nA = (10) 

b — a X C09 




If the given values of a, and C are inserted in this formula, we 
have: 

9 X sin Zh- 9 X 0.57358 

tan A = = = 

8 — 9 X cos 35° 8 — 9 X 0.81915 
S.I6222 

=8.22468. 

0.62765 
Having now obtained the tangent of angle A ^ S. 22468, we find from 
the tables that the angle equals 83° 4'. 

Now when both angles A and C are known, angle B is found by For- 
mula (S) already given: 

B = 180° — (A + C) =180° — (83° 4' + 36°) = 
180° — 118° 4' = fil" 66' 
Side c Is found by Formula (5) : 

a X sin C 9 X sin 35° 9 x 0.67358 



sin A sin 8 
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The area U found by Formula (6) : 
fflX&XsinC 9X8 

2 2 

All the required quantitieB ot this triangle have now been found. 
Example 1.— In Fig. 35, o = 4 Inches, B = 3 inches, and C = 20 de- 
grees. Find A, B, c, and the area. 
According to Formula (10), we have: 

a X Bin C tx Bin 20° 4 X 0.34202 

tan A = = = 

b— axcoBC 3—4X00820° 3—4x0.93969 

1.36808 

3-3.75876 

It will be seen that in the denominator of the fractloh atiove, the 

number to be subtracted from 3 is greater than 3; the numbers are 




therefore reversed as explained In Chapter III, 3 being subtracted from 
3.7587G, the remainder then being negative. Hence : 

1.36S08 1.36S0S 

tan A = = = —1.80305 

3 — 3.75876 — 0.75876 

The final result is negative because a positive number (1.36808) is 
divided b7 a negative number ( — 0.75S76). 

In Chapter V It is stated that the tangents of anglea greater than 
90 degrees and smaller than ISO degrees are negative. In an example 
In the same chwter Is shown how to find an angle whose tangent Is 
negative. Proceeding in the same manner, find in this case the value 
nearest to 1.80305 in the columns of tangents In the tables. It will 
be seen that the nearest value Is 1.8028, which Is the tangent at 60° 59'. 
As the tangent here is negative, angle A, however, is not 60° 59', but 
equals ISO" — 60° 59' = 119° 1'. 

Now angle B Is found by the formula 

B = 180° — (i + C) = 180° — (119° 1' + 20°) = 
180° — 139° 1' = 40° 59'. 
Side c and the area are now found by the same formulas and In the 
same manner as previously shown. 

Example 2. — In Fig. 36, o = 7 feet, 6 = 4 feet, and G = 121 degrees. 
Find A. B, c and the area. 
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Proceeding as In the previous example we have 

o X Bin C 7 X Bin 121° 

tan A = ^ 

6 — aXcoeC 4 — Txcoe 121' 

Ab explained in Chapter V: 

Bin 121' = Bin (180° — 121° ) = Bin 59°, and 
COS 121°=— COB (180° — 121°) = — cos 59°. 
Therefore 

7 X Bin 121° 7 X Bin 59° 

tan -1=: ^ = 

4—7 X coslEl" 4— 7X(— cos59°| 

7 X 0^5717 6.00019 

4— 7X( — 0.51504) 4— (—3.60528) 

6.00019 6.00019 




The calculation with the negative number ( — 0.51504) will beconjt 
clear by comparing the processes above with the rules given In Chap- 
ter III. When multiplied by 7, the product 7 X (—0.51504) becomes 
negative, and equals — 3.60528. As subtracting a negative quantity 
from a positive quantity is equal to adding the numerical value of the 
negative number we have: 

4 — ( — 3.60528) = 4 + 3.60528 = 7.60528. 

Having found ton 4 = 0.78895, we find angle A from the tables: 
A = 38° 16'. 

Angle B, side c and the area are now found In the same way as pre- 
viously explained. 

Summary of Formulas 

It the angles of a triangle are called A, B and C and the sides oppo- 
site each of the angles a, (t and c, respectively, as shown In Fig. 34, 
then, if any two sides and the Included angle are known, the other 
angles, the remaining side and the area may be found. One of the 
angles la first found by any of the formulas below: 

a X sin C o X 8ln B 

tanA^ tonA= 

b — ox cos C — a xctmB 
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taiiC = - 



(1 — 6 XcosC 
< aluB 
c X cobB 



c — b X CM A 

cXBlnA 
6 — c X cos A 
'ea are then found by 



Tbe tbird angle, the remaining side, and the a 
using Formulas (4), (E). (6), (7). (8) and (9). 

If tbe unknown angles are not required, but merely the unknown 
side of the triangle, tbe loUowlng formulas may be employed: 



= V B"- 



-2 6c X cos A 



6 = V o' + c* — a ac X COS B 

c= V"a' +'b''^-2 oB X cosC 

3. Two Sides and One of the Opposite Angles Known 

When two sides and the angle opposite one of tbe given sides are 

known, two triangles can be drawn which have the sides tbe re- 




quired length and the angie opposite one of the sides the required 
Blie. In Fig. 37 Is shown a triangle In which side a is 2.5 Inches, side 
D, 3.6 Inches, and angle A, 32 degrees. Another triangle la shown by 
dotted lines in tbe same figure In which sides a and b have the same 
length as in the triangle drawn by full lines, and angle A opposite 
side a still remains 32 degrees; but It win be seen that In this tri- 
angle the angle' B Ih very much smaller than in the triangle drawn 
by the full lines. In every case, therefore, when two sides and one 
of the opposite angles are given, the problem Is capable of two solu- 
tions, there being two triangles which fill tbe given requirements. In 
one of these triangles, the unknown angles opposite a given side is 
greater than a right angle, and in one it Is less than a right angle. 
When the triangle to be calculated is drawn to the correct shape, 
it Is, therefore, possible to determine from the shape of the triangle 
which of the two solutions applies. When the triangle Is not drawn 
to the required shape, both solutions must be found and applied to the 
practical problem requiring the solution of the triangle; It can then 
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usuallj be determined vhlch of the solutions applies to the practical 
problem In hand. 

Example 1. — Assume that the sides a and b In Fig. 3S are 20 and 
IT Inches, respectively, as shown, and that angle A opposite the 
bnown side a ts 61 degrees. Find angles B and C, side c. and the area 
of the triangle. 

The angle B opposite the known side b mar be found by the follow- 
ing rule: The tine of the angle opposite one of the known sides 
equals the product of the tide opposite this angle timet the tine of 
the knovm angle, divided 6v tfce jide opposite the known angle. 

From ttalB rule we derive the following formula for the sine of 
angle B: 

b X sin A 
slnB = CI) 

If we Insert the known values for sides b and a and angle A In this 
formula we have: 




sin B = 



Having slQ £ = 0.74343, we find from the tables that B = 4S° 
As It la shown In Fig. 38 that angle B Is less than a right angle, t 
solutlOD found Is the one which applies In this case. 
Angle C 1b now found from Formula (9) : 

C = 180° — lA + B) = 180° — (61" + 48" 1*) = 70° 59'. 
Side c is found by Formula (5): 

oXBlnC 20 X Bin 70° 59' 20x0.94542 



sin A sin 61° 0.8746S 

The area Is found b7 Formula (6): 

o X 6 X sin 20 X 17 x sin 70° 69' 



= 81.62 Inches. 



- = 160.72 square Inches. 



All the required quantities of this triangle have now been found. 
Example 2. — In Fig. 39, a ^ 5 Inches, & ^ 7 Inches, and A := SS 
degrees. Find B. C, c and the area. 
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a tbe role and formula In tbe previous example: 
& X sin A T X sin 3G° 7 X 0.ET368 



HaTing 8tu B = 0.S030I, ve find from tbe tables that B = 53° 25'. 
However, In the present case we see from the flgure that B Is greater 
than BO degrees. Tbe solution obtained Is, therefore, not tbe solution 
applying to tbls case. It la explained In Cbapter V tbat tbe sine ot 
an angle also equals the sine of 180 degrees minus tbe angle. There- 
fore, 0.80801 Is tbe sine not only of 63° 25', but also of ISO' — 63' 25' = 
126° 35'. The value of angle B applying to the triangle shown In 
Pig. 39 Is therefore 126° 36', because of the two values obtained tbls Is 
the one which Is greater than a right angle. 

When angle B la found, angle C, aide c and tbe area are found In 
the same manner aa In Example 1. 

Example 3. — In Fig. 40, a = 2 feet, b =: 3 feet and A ^ SO degrees. 
Find B, C, c and the area. 




Tbe Bine of angle B la found as Id the previous example: 

b X sind 3 X stn30° 

Bin B= = =0.75000. 

a 2 

Having Bin B = 0.75000, we And from the tables that B = 4S° 36'. 
From Fig. 40 It la apparent, however, that B la greater than 90 de- 
greea, and as O.T6000 U tbe sine not only of 1S° 35', but also of 130° — 
48° 35' = 131° 26', angle B In thia caae equals 131° 25'. 

When tbe angle B is found, angle C, aide c and the area are found In 
the same manner as In Example 1. 

Summary of Formulas 
If the angles of a triangle are called A, B and C, and the eldea oppo- 
site each of tbe angles a, t> and c, respectively, as shown In Fig. 37; 
then If any two aides and one angle opposite one of the known aldea 
are given, the other angles, the remaining side, and the area may be 
found. The angle oppoalte tbe other known aide la first found by 
any of tbe formulas below: 

a X sin £ a X sin (7 
aln J.^ sin A = 



<8ln(7 
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c X Btn A c X Bin 



Tbe tbird angle, the remainlnK side and tbe area are then found br 
using Formulaa (4) to (9) Inclusfre. 

4. Threa Sides Siiomi 
. Example 1. — In Fig. 41 tbe tbree sldea a, b and c of the triangle are 
given; a = S Inchee, b ^ 9 Incbee and c ^ 10 Incbes. Find tbe 
angles A, B and and tbe area. 
Either of the angles can be found br the formulas gtyen below: 
tf + f^ — a' 



qobA = — 



ixbxc 

a' + C—V 



(IS) 
(13) 
(14) 




If we Insert tbe given lengtbB of the sides In the first of the for- 
mulas above we have: 

91 + 101 — 8' 9X9+10X10—8X8 i± t 100—64 

cos A= = = 

8 X » X 10 2 X I' / 10 180 

117 

= =0.65000 

180 

Having cos A =: 0.66000 we find from tbe tables that angle A = 



Having found angle A, the easiest method for finding angle 5 is br 
Formula (11). From this formula we liave: 

6 X sin A 9 X sin 46' 27' 9 X 0.76984 
BinB = = = =0.86482 
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Having Bin B = 0.S6482. we find from ttte tables tbat B = 68> 44'. 
Ancle C Is now found by Formula (9) : 

C = 180' — (A + S) = 180' — (49' 27' + 68° 44') =71° 49'. 
Tbe area Is Anally found from Formula (6) : 

a X 6 X Bin 8 X 9 X sin 71° 4^ 8 X 9 X 0.9500f 
Area=: = ^ 



= 34.20 square Inches. 

Example 2. — In Fig. 42, a = 6 Indies, & ^ 4 Inches and c = 2 inches. 
Find the angles of the triangle. 

Using Formula (12), given In Example 1, we have: 

4* + 2'— 5' 16 + 4 — 26 20 — 26 

2x4X2 16 16 

It will be seen that In the numerator of the last fraction above, tbe 
number to be subtracted from 20 in greater than 20. The numbers 
are therefore reversed, as explained In Chapter III, 20 being sub- 
tracted from 26, the remainder then being negative. Hence: 
20 — 25 — E 

cos A = = =—0.31250. 

le 16 

The final result Is ne^tlve, because a negative number (—6) Is 
divided by a positive number (16). In Chapter V It 1b stated that 
tbe cosines of angles greater than 90 degrees and smaller than 180 
degrees are negative. In an example In the same chapter is shown 
how to find the angle whose tangent Is negative; an angle whose 
cosine is negative Is found In a similar manner: Find the value 
nearest to 0.31260 In the columns of cosines In the tables. It will be 
seen that the nearest value is 0.312G1, which is the cosine of 71° 47'. 
As the cosine here Is negative, angle A, however. Is not 71° 47' but := 
180' — 71° 47' ^ 108' 13'. Now angle B Is found by the formula: 
bXslnA 4 X Bin 108° 13' 

sin B= = 

a 5 

As Stated In Chapter V, sin 108° 13' = Bin (180° — 108' 13') = sin 
71° 47'. Hence: 

4 X sin 71° 47' 4 X 0.94988 

Bin B = = = 0.76990 

6 5 

and B = 49' 27'. 
Finally, angle C Is found by the formula: 
C= 180° — (A + B) = 180' — (108' 13' + 49' 27') = 22° 20'. 



.y Google 



CHAPTER X 



SUMMARY OP FORMULAS FOR SOLUTIQN 
OF TRIANGLES 

In the tollowing will be given a Bummarr of all the required torm- 
ulaa, and the methoda of procedure for solving both right- and oblique- 
angled triangles. 

Elsbt-anffled Triangles 

In all the formulas tor right-angled triangles reference is made to 
Fig. 43, In which the sides and angles are given the same names as 
In the formulas. Use the formulas in the order given. 

1. When the hypotenuse and one of the sides forming the right 
angle are given, call the hypotenuse a and the Icnown side b. Then: 




4. When one acut« angle and Its adjacent Bide ore given, call the 
angle B and the adjacent Icnown side c. Then: 



5. When one acute angle and the Bide opposite it are given, call the 
angle B and the known opposite side b. Then: 
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K 

a = c=b X cats ■ C = 90° —B 

slnB 
The area o( all rigbt-angled triangles equals tlie product of the 
Bides forming the right angle divided bj 2; or, referring to Fig. 43: 

bxc 

Area^ 

2 

Ol>llqu«-Rnffle4 Trlanffles 
In all the formulas tor obllque^ngled triangles reference is msde 
to Fig. 44, In which the sides and angles are given the same names as 
In the formulas. Use the formulas In the order given. 

1. When two angles and one side are given, call the given side a, 
the angle opposite it A, and the other angle B. Then if A is known: 
C = 180'> — (A + B) 
a xsinB 



sin J. 






sin A 
o X b X sin C 



If B and C are given, but not A, then A = ISO" — (B + C), the other 
formulsa being as above. 

2. When two sides and the Included angle are given, call the 

given sides a and b and the given angle between them C. Then: 

_ o X Bin C 

6 — a xcoaC 

B = 180''— (A + C) 

X sin 



Bin A 
o X 6 X sin O 

Area= 

2 

3. When two sides and the angle opposite one of the sides are 
given, call the given angle A, the side opposite It a and the other given 
aide b. Then: 

b X Bin A 
■inB = 

C = :80'>— (A + B) 
axalnC 
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4. When tbe three sldee of a trluigle are Blven, call tbem a. & and o 
and tta« •ngtoa opposite tb«m A, B and (7, resiracUrelr. Then: 

ft'+c" — a" 

2 X & XP 
b X Bin A 

ains= 

a 
0=180' — (i + S) 
o X & X Bin C 
"~ 2 

The cases given include all conditions where a solution of the tri- 
angle is possible, ir ail the angles are given, but none of the Bides, 
the triangle may be of anr size, but the three aides will be in exact 
proportion to each other. The formulas I>elow give this relationship: 
a : b ^ sin J. : Bin S 
b : c^slnB : sin (7 
a ; c ^ Bin A : sin C 



CHAPTER XI 



THE USB OP LOGARITHMS IN SOLVING 
TRIANGLES 

Before undertaking to study the use of logarithms for solving tri- 
angles, the student should thoroughly understand tbe use of logar- 
ithms in ordlnari' numerical examplee, as explained in Hachinebt'b 
Reference Series No. 63, "The Use of Logarithms and Logarithmic 
Tables." When the use of logarithms In ordinary calculations 1b well 
understood, their application to trigonometric problems Is very simple. 
It Is merely a question of Qndlng tbe logarithm tor the function of 
tbe angle from the tables In Part II of this treatise, and carrying out 
the calculation In the same manner as with logarithms In general. 
The heavy-faced figures In the columns headed "Log." In tbe tables 
give these iogarlthma. A few explanatory remarks as to the method 
In which they are given, will, however, be necessary. 

In all cases In these tables, the characteristic is given together with 
the mantissa. The complete logarithm of the functions, therefore, Is 
found directly from the tables. As however, tbe values of tbe natural 
functions In the three first columns from tbe left In the tables are al- 
ways less than 1, the charactaristic would always be negative. In order 
to avoid this negative characteristic, the logarithm as given has had 

.,)osle 



LOGARITHMS 61 

10 kdded to Ita value, bo tliat Uie actual value of tlie loEarltlim for cos 
8 deg., for example, In 9.99940 — 10, as Is erldent if we remember that 
the logarithm of a number less than 1 must be negative. When uetng 
these logarlthiUB In calculations with other logarithms, the calculations 
can be carried out ezactl]' aa explained in Reference Series No 53, If 
when writing down the logarithm taken from the tables we write 
1.99940 for 9.99940, 2.71940 for 8.71940, 3.30SS2 for 7.30882, and 80 forth, 
changing the form to that which was made use of In the previous Ref- 
erence book. It should be remembered, however, that this change 
refers only to the three first columns of logarithms. In the fourth 
column (headed Cot), the logarithm Is given in the exact form In 
which It is to be used. Of course. It It appears In the divisor of an ez- 
presBlon, tt must be transformed to Its negative value, as explained on 
page 10, Reference Series No. 53. 

A few examplee will give a better idea of the methods to be followed. 
The student should carefully study these examples, until all the meth- 
ods employed are perfectly clear to him. The logarithms of ordinary 
numbers are found from Reference Series No. 53, and the logarithms 
for functions ol angles from Refefence Series No. 56. 

Example 1. — Find the area of a triangle where the lengths of two 
sides are 53 and 82 Inches, and the angle between them Is 30 degrees. 
The area Is found by the formula; 

o X 6 X Bin &3 X 82 X sin SO" 

2 2 

Proceed now to find the logarithms: 

log 53 = 1.72428 

log 82 = 1.91381 

log sin 30''=T.69897 
— log 2 = 1.69897 



The logarithm of the area thus Is 3.03603, and from the tables In 
Reference Series No. 53 we find by interpolation that the area then 
equals 1086.5 square Inches. 

Example 2. — Angles A. and C and side a in a triangle are known. 
(See Fig. 44.) A = 37° 42'; C = 68° 12'; a = 12 Inches. Find side c. 

The formula for finding side c Is: 

axelaC 12 X sin 68° 12' 



Bin A Bin 37° 42' 

When finding the logartthms, note that as log sin 37° 42' = I.TS642, 

the negative value of the logarithm equals 0.21368. 

log 12 =1.07918 

log Bin 68" 12' =T.96778 

— log Bin 37° 42' =0.21358 



1,26054 
= 1.26054, and hence c =: 18.22 Inches. 
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Example 3. — Two Bides of a triangle are 8 uid 17 Indies long. Tlie 
angle Included between tbem la 32 degrees. Find the angle opposite 
the side 9 Inches long. 

The [ormula by mesne of which the angle sought can be [ound Is (see 
Chapter IX) : 

a X aln C 9 X sin 3S° 

tan A^ ^ 

B — oXcoaO 17 — 9X00832° 
As only multiplications and divisions can be carried out b7 means 
of Drdlnorr logarithms, the subtraction In the denominator must be 
made Independently ot logarithms; but logarithms can be used for the 
multiplications and dlTlslons required. The first step will be to find 
the value of the denominator; we must then first find the product 9 x 
cos 82°. 

log 9 =0.95424 

log cos 32° = 1.92812 



0.S8266 
Hence 9 X cos 82° = 7.6323, and 17 — 7.6323 = 9.3677. 
9 X sin 32° 



9.3877 
log 9 =0.95424 

log sin 82- =T.72421 
— log 9.8677 =T.02837 



1.70682 

Log tan A = T.70682, or as given In the tables 9.70682. Hence A =: 
26° 69'. 

The columns "d" (difference) and "c. d." (common differences) In 
the tables, give the differences between consecutive logarithms for use 
In Interpolation In esses where subdivisions ot minutes are required. The 
method used is the same as that used when Interpolating between log- 
arithms of ordinary numbers. It Is seldom, however. In ordlnsry shop 
cslculatlons or In machine design, that finer divisions of the angle than 
minutes are required. 
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working library of mechanical literature In which the Mechanical Engineer, 
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TABIDS OF TRIGONOMETRIC FUNCTIONS 



On the following pages are given tables for tbe natural trigono- 
metric foDCtionB, Bines, cosines, tangents and cotangents, and their 
logaritlima, for evwj minute in the angle. The logarithms are 
printed villi heavier face type bo that no confusion need result from 
tbe fact that both the logarithms and the natural functions are given 
on the same page. The values of the sec&nts and cosecants are not 
given in these tables, as they are not generally necessary for the solu- 
tion of triangles, and all the rules and formulas in Part I of this 
treatise (filACHiNHBT's Reference Series No. 54), are given in a form 
which does not introduce these two functions. 

Should, however, the values of these functions be required, they can 
easily be derived from the tables. The secant Is found by dividing 1 
by the cosine of the angle, and the cosecant la found by dividing 1 
by the sine of tbe angle. Written as formulas, these rules would be: 



sins 

Find the secant and cosecant of 15 degrees 42 minutes. 



cosec 15° 42'= 

The use of the tables has been fully explained In Part T, and It Is. 
therefore, not necessary to give any further explanations here; If the 
tise of the tables is not thoroughly understood, the ezptanatorr mattar 
found In Chapter V of Part I should be carefull? studied. 
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0° 

Nat. Sin Log. d. Nat.CoSLog. NttTanLog. 



349754391 



007*7 7.86166 
756 7.*7870 
783 7-8PS69 
814 7.91088 
844 7J36" 



17s 7.I41S8 

aoi 7.30S81 

333 736«> 

741797 



96o7j»8M3 
g Sg 7-995^ 
1 101 a g.00779 



01164 8.0)SS7<i 




16008.30407 

699 8.31180 
6sa S.3i9sl 

687 8.33713 

716 8J34^ 
745 8^166 



N».C{>SL(^. d. 



99996 tMigopB 
996 9-99998 
996 999098 
995 9-99998 
9 95 9-90998 



99995 999098 
995 949998 

994 9-99997 



99993 9-99997 
993 9-99997 
993 9-99997 
99a 9W997 
99" 9-99990 



99991 9.99996 
99" M99^ 
991 »90990 



ooa9i 7-46373 
3«> 7S0S" 
349 7-5419" 

378 7,— 
407 7^ 



36 7-63983 

^s 7-667*? 

495 7-69418 



640 7A)iSi5 
6697&IS41S, 
^ 7-84394 



,00873 7-94986 

931 j'j^g 
9607.98M5 



047 8.D3004 

076 8,03194 

10; 8.04M3 , 



Nat. Sift Log. NBt.Cotl.og. 

89° 



3.0591$ II45-9 
3.93431 8 5 944 
3.83730 687.55 
3.7sSi3 573.96 
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3.43333 964^ 
3390L4 245 .55 
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1.04490 110.S9 
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3.OO47B IOI.II 
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1.00^ 79-943 
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:i.B: 



[.83034 66.105 
1 .81 106 64-B^ 
1J03S4 63 .657 

1.79587 6iL4g9 

1.77380 59.a66 
1.76538 58.061 
i.TC»08 57.390 



:.d. L(^.TanN«t. 
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984 »99093 

984 949993 

983 9-99993 

983 frMW 



983 999K' 
981 fr9999a 
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979 9.9999' 
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MAOmNEBTS BEFEBENOB SEBIES 

TUB treatise is one unit in a comprehensive Series oC Reference books, 
originated by Machineby, and including an Indefinite number of compact units, 
eacti covering one subject thoroughl;. The whole series comprises a complete 
working library of mechanical literature in which the Mechanical Engineer. 
the Master Mechanic, the Designer, the Machinist and TDol<maker will find 
the special Information he wishes to secure, selected, carefully revised and 
condensed for him. The books are sold singly or in complete sets, as may be 
desired. The price of each book is 25 cents, and It Is possible to secure them 
on even more favorable terms under special offers issued by Machinebt'b cir- 
culation department and sent to any one oa request. 

The success of the Reference Series was Instantaneous and copies are now 
widely distributed in machine shops and metal working plants everywhere. 
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CHAPTER I 



PRINCIPLES OF METAL SPINHINa* 

Metal spinning, that process of sbeet metal goods manufacturing 
which dealB with the forming of sheet metal Into circular shapes of 
great variety by means of the lathe, forms and hand-tools, is full of 
kinlcs and schemes peculiar to itself. It is the purpose of this treatise 
to give a description of spinning In general, and to outline some of 
the methods and tools used In spinning For rapid production. 

The products of metal spinning are used in a great many lines of 
manufacture. Examples of this work are chandelier parts, cooking 
utensils, silver and brlttania hollow- ware, automobile lamps, cane- 
beads and many other sheet metal specialties. Brass, copper, line, 
aluminum, iron, soft steel, and, in fact nearly all metals yield readily 
to the spinner's skill. At best spinning Is physically hard work, and 
the softer the stock, the easier and quicker the spinner can transform 
it into the required product. 

There are hut two practical ways ot forming pieces of sheet metal 
into boUow circular articles: by dies and by spinning. By far the 
cheapest and beat method ot producing quantities of this class of 
work is by the use of dies, but there are many cases where it Is Im- 
practical or impossible to follow this course. Dies are expensive and 
there is constant danger of breakage, whereas spinning forms are 
easily and cheaply made and are almost never damaged by use be- 
yond a reasonable amount of wear. Thus it will be seen that when 
the production Is small, it does not pay to make costly dies. Again, 
the styles or designs ot many articles that are spun are constantly 
being changed; if made by dies each change would necessitate a new 
die, while in spinning merely a new wooden form is required — and 
sometimes the old form can be altered, costing practically nothing. 
Still other advantages of spinning are that In working soft steel, a 
much cheaper grade may be spun than can tie drawn with dies; 
beads may be rolled at the edges of shells at little expense; experi- 
mental pieces may be mi^de quickly, and, added to these features 
comes the fact that very difficult work that cannot possibly be made 
with dies can be spun with comparative ease. It must not l>e con- 
strued from the above that spinning Is to be preferred to die work 
in all or even in the majority of caaee, because, on the contrary, die 
work is a more economical method ot manufacture, and should always 
be used when possible on production work. The cases already cited 
are merely given to point out some ot the instances in which, tor 
economical reasons, spinning Is to be preferred to die work. 

• Hacbiniby, I>eeeiiiber, 1»00. /^-' I 
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The Bplnningr iiathe 
The principal tool used In the operation of spinning ie the Bplnnlng 
latbe, shown In Pig. 1. While In many respects this macbtne is simi- 
lar to any other lathe. It is built without back-gears, carriage or lead- 
acrew, is very rigid In construction, and, on the whole, very mncb 
reaembles a speed lathe. Like other lathes, the spinning lathe Is fit- 
ted with a cone pulley (preferably of wood, because of its lightness 
and gripping qualities), allowing the nee of four or five different 
speeds. Speed Is an Important factor In spinning. Arbitrary rules 
for spinning speeds cannot be given, as Lhe thicker the stock the 
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slower must be Ibe speed; thus while 1/32-Inch Iron can be readily 
spun at 600 revolutions, 1/lG'lnch iron would necessitate reducing 
the speed to 400 revolutions per minute: Zinc spins best at from 
1,000 to 1.400 revolutions; copper works well at 800 to 1,000; brass 
and aluminum require practically Che same speed, from 800 to l.SOO; 
while the comparatively slow speeii of 300 to 600 revolutions is effect- 
ive on iron and soft steel. Brlttanla and silver spin best at speeds 
from 800 to 1,000 revolutions. 

One of the essential parts of the spinning lalbe Is the T-rest. The 
base of this rest is movable on the ways of the lathe, and it has at 
the side nearest the operator, a stud about four Inches In diameter 
and six Inches high, through which la swiveled the T-reat proper. ' i 
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As the tUustratlon sbows. provision ia made for raiHing and lowering 
tbe rest, and the entire rest mar be clamped In an7 desired position 
by means o( the hand-wheel shown beneath the ways. The rest proper 
consists of an arm, 12 to 15 inches long, similar to a wood turner's 
rest, and through tbe face of this arm are from twelve to sixteen 
closely spaced %'inch holes. These holes are to receive the pin 
against which the hand tools are held while spinning. The pin la 
three Inches long and of %-inch steel, turned down on one end to 
loosely Bt the holes In the rest. 

Another important part of the spinning lathe la the tall-center. 
This center Is sometimes the ordinary dead center that is In general 
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machine shop use, but nearly all spinners use the revolving center, 
shown In Fig. 2. The revolving center Is % Inch diameter (without 
taper) and about six Inches long, and Is fitted into the socket In wliicb 
it runs; this socket is, In turn, fitted to the taper hole In the tall- 
stock. At the bottom of the hole In the socket are two steel buttons, 
hardened and ground convex on their faces. These buttons act as 
ball bearings and reduce friction to a minimum. 

Forma and Chucks for Spinning 
The shape of a shell made by spinning is dependent on the form or 
chuck upon which the metal Is spun. Forma are used for plain spin- 
ning where the shape of the shell will permit of its belug readily 
taken from the form after the spinning has been completed; but when 
the shape of tbe shell is such that It will not "draw," as the molders 
say. it becomes necessary to employ sectional chucks, similar to ihe 
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one shown In Fig. 3. Generally speaking, spinning forms are made 
of kiln dried maple. After being bored and tlireaded to fit the lathe 
spindle, the spinner turns the maple lilock to agree with a templet 
shaped In outline to the sample shell. When no sample Is furnished, 
the templet must be laid out from a sketch or drawing; In either 
case proper allowance is made tor the tlilcknesa of the stock. When 
large quantities of sheile are to be spun, all alike, the form is some- 
times made of lignum vitK, Another method is to turn the maple 
form small enough 90 that one shell ma; be spun and cemented to tt 
snd then this metal-cased form is used to spin the balance of the 
shells. For continuous spinning, forms are made of cast Iron or steel, 
which of course makes a most satisfactory surface to spin od and 
gives indefinite serrlce. 




A sectional or "split" chuck, as tt is sometimes called, is, as the 
name Implies, a spinning chuck or form which may be taken apart 
in sections after the shell has been spun over It. Aa before stated, 
this class of spinning chuck is only used when the finished shell could 
not be removed from an ordinary form after spinning. After a shell 
has been spun over a sectional chuck, the shell and the sections of 
the chuck are together pulled lengthwise from the core of the chuck. 
Then, starting with the key section, it is an easy matter to remove 
each seclion from the inside of the shell. As the sections are removed, 
they are rcpjaccd upon the core, slipped under the retaining flange and 
the chuck is rpsdy for spinning a new shell. The whole operation of 
removing and rpplaclng the sections of a chuck takes less time than 
it does to tell it, and, aa the sections are of different sizes, it Is easy 
to replace the them in the proper order. Like other forms, sectional 
chucks are made of wood or metal, according to the requirements of 
the Job. The core and retaining ring are first made from one piece 
and then the sections are turned In a continuous ring and spilt with 
a fine saw. In some cases it is necessary to add a small piece to the 
last section to make up tor the stock lost in splilting the sections- - 1 
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Another kind of sectional chuck, known to the trade as a "plug" 
(shown In Fig. 5) Is used extensively In some shops tn caaeB where 
the shell must have projections or shoulders at both ends, and no 
bottom to the shell Is required. In making the plug, whicb Is always 
In two parts, ttie llrst ball Is turned to take the shell from one end 
to the center of the smallest diameter. Into the end, of this part Is 
bored a hole to which Is Stted the end of the second part, which Is 
afterwarde turned to. fit the shell. Over this two-part plug the shell 
Is spun; then tbe bottom of the shell Is cut out and the first halt of 
the plug removed, tbus allowing the shell to be withdrawn. The first 
part is then replaced »nd the plug is ready for use again. Fig. i 
shows a method of spinning difficult shells that ordinarily would re- 
quire a sectional chuck. The shell shown at tlie left of Fig. 4 Is first 
spun as far as the hulged part on an ordinary form that ends at this 
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point. Then after annealing. It Is replaced on the form and while 
another operator holds the wooden arm. supported with a pin in the 
T-rest. the spinner forms the metal around the bulge-shaped end of 
the. arm. The arm, being stationary on the Inside of the shell, acts as 
a continuation of the spinning form, and by this method as good a 
shell Is obtained as could be spun with a sectional chuck. 

For spinning operations upon tubing or press-drawn tubes, steel 
arbors are generally used. Tubing may be readily spun upon an arbor 
and it can be reduced or expanded to comply with the shape of shell 
required much more quickly than the shell could be spun from the 

Po Howe re 

For holding the sheet metal blank to the spinning form, a block 
of wood known as the follower, is used (see Fig. 6). Followers are 
made to suH the shape of the work with which they are to be em- 
ployed, always being made with the largest possible bearing on the 
work; thus a shell with a flat bottom twelve inches In diameter would 
be turned with the aid of a follower having an 11%-inch face, while 
a shell with a 4-inch face would take a follower with a 3T';i-lnch face. 
All shells do not have flat bottoms, consequently, in spinning such as 
do not, it becomes necessary to employ hollow followers. Hollow fol- 
lowers have their hearing surfaces turned out to fit the eqds of the 
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lorms with wblcti they are to be used. In practice, the blank la beld 
against the end or the spherical form with a small flat follower until 
enough of tbe shell has been spun to admit of the hollow follower 
being used. All followers 'are made with a large center hole In one 
end to receive the revolTing tall-center. 

In starting to spin a difficult sbell It Bometlmes happens that tbe 
necessarily small follower will not bold the blank. To prevent this 
slipping, the face of the follower is covered wltb emery clotb. Often, 
however, on rough work, the spinner will n^t stop to face the fol- 
lower, but will make a large shallow deat at tbe center of the blank; 
the extra pressure required to force the metal against the form will 
usually overcome tbe slipping tendency. 
Hand Tools 

Hand tools, in great variety, form the principal asset of. tbe spin- 
ner's kit. Spinning tools are made ot tool steel forged to the re- 
quired sbapes, and are hardened and polished on the working end. 
The round steel from which they are made varies f[om ^ inch to 
1^ Inch in diameter, according to the class of work upon which they 
are to be used. The length of a spinning tool Isi^bout 2 feet, and it Is 
fitted Into a wooden handle 2 inches diameter and IS Inches long, 
making the total length ot tbe bandied tool ajiout Z leet, as shown in 
Fig. S. As the spinner holds this handle under the right armpit, he 
secures a great leverage upon the work and is better able to supply 
the physical power required to bring tbe metal to tbe desired shape. 

Tbe commonest and by far the most useful of tbe spinning tools Is 
the combination "point and ball" wbicb together with a numb«r of 
other tools, la shown In Pig. 11. Tbis tool is used In doing the bulk 
ot tbe spinning operations — tor starting the work and bringing It 
approximately to the shape ot the form. Its range ot uaetulness is 
large on account of the many different shapes that may be utilized by 
merely turning tbe tool in a different direction. Next in Importance 
comes the flat or smoothing tool which, as the name implies, is tor 
smoothing tbe shell and finishing any rough surfaces left by the point 
and ball tool. The fishtail tool, so named from Its sbape, is used prin- 
cipally In flaring tbe end of a shell from ' tbe Inside, "spinning on 
air," as it Is sometimes termed. Tbis tool Is used to good advantage 
in any place where It is necessary to stretch the metal to any extent, 
and Its thin rounding edge proves useful iu setting tbe metal Into 
corners and narrow grooves. Other tools are the ball tool which Is 
adapted to flnlsbing curves; tbe hook tool, used on inside work; and 
the beading tool wblch Is needed In rolling over a bead at the edge ot 
a shell when extra strength or a better flnlsh is desired. 

When much beading of one kind Is being done, a large heavy pair 
ot rouod-nose pliers {Fig. 10) with the Jaws bent around In a curve 
— ^nd sprung apart enough to allow tor the thickness of the metal 
proves to be a handy tool. Alter tbe edge of tbe shell bas been flared 
out to start the bead, the pliers are opened enough to admit the metal 
and then closed and the stock guided around to form the bead as tar 
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as possible. In ttale way the larger part of a bead 1b rapidly farmed, 
one jaw of Uie pliers acting as a spinning tool and the other corre- 
sponding to the back-stick. During this operation, the pliers are. of 
course, supported by being held against the T-rest. 

Closely Billed ^'Ith these spinning tools are two other tools (also 
shown In Fig. 11) known as the diamond point and the skimmer. The 
diamond point is for trimming the edges of the shell during the spin- 
ning operation and for cutting out centers or other parts of the work. 
The skimmer Is for cleaning up the surface of a shell, removing a 
small amount of metal In doing so, the amount depending upon the 
skill the spinner used in the spinning proper. 
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When the bottoms are to be cut from a large number of sheila and 
It Is necessary that they he cut exactly alike, a tool known as a swivel 
cutler Is used. This tool (see Fig. 9) Is simply an Iron bar with a 
cutter on one end, which swivels near the center around a pin in the 
T-rest; thus, by a alight movement of the arm the cutter Is brought 
up to the work, cutting a piece from the shell of exactly the same size 
each time. 

The Splnnlnic Operation 

In order to make clear the successive steps in spinning, -let ue 
briefly consider the making of a copper head-light reflector, and the 
way the work Is handled when a few hundred pieces are to be made. 

By trial spinning, the slae of the blank required for one of the 
reflectors Is determined, and with the square shears the copper sheets 
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are cut into pieces an eighth of an Inch larger each way. These squares 
are then taken to the circular shears and cut to round shapes ready 
lor the aplnnlDK lathe. The spinning form, of klln-drled maple. Is 
screwed to the spindle and the belt thrown to that step of the cone 
pulley which will bring the speed nearest to 1.200 revolutions. From 
the stock-room a follower is selected whose face will nearly cover the 
bottom of the form. It Is now "up to" the spinner. Holding a blank 
and also the follower against the end of the form, he runs the tail- 
center up to the center In the follower Just hard enough to hold the 
blank in place. Then, starting the lathe, he' centers the blank by 
lightly pressing against its edge a hard wood stick. Ab soon as It "lines 
up" he runs the center up a little harder and clamps it in place. Some 
spinners will "hop In" a blank with the lathe running, but this is 
dangerous practice and sometimes the blank will go sailing across the 
room. Often this happens in truing up the blank and for this reason 
It Is considered advisable to have a wire grating at the further side 
of the lathe to prevent serious accidents; for a sheet metal blank is a 
dangerous missile traveling at the high rate of speed which Is imparted 
to It by the lathe. 

With a piece of beeswax (soap Is sometimes used for economical 
reasons) the spinner lightly rubs the rapidly revolving blank and then 
adjusts the pin In the T-rest to a point near enough to the blank to 
obtain a good leverage with the spinning tool. Holding the handle 
of his point and ball tool under his rigbt armpit and using the tool 
as a lever and the pin on the rest as a fulcrum, he slowly forces the 
metal disk back In the direction of the body of the form, never allow- 
ing the tool to rest In one spot, but constantly working it In and out, 
applying the pressure on the way out to the edge of the disk and 
letting up as he comes back lor a new stroke. In the meantime his 
left hand la busy holding a short piece of hard wood (called the back- 
stick), flrmly against the reverse aide of the metal at a constantly 
changing point opposite the tool. The object of the haik-atlck Is to - 
keep the stock from wrinkling as It is stretched toward the edge of 
the disk. Wrinkles cause the metal to crack at the edges and for this 
reason they must )>e kept from the stock as much as possible. 

After a few strokes of the spinning tool have been taken, the shell 
win appear about as shown at a. Fig. 12, and at this point It is neces- 
sary to trim the shell at the edges with the diamond-point tool. Trim- 
ming la required because spinning stretches the stock and the result- 
ing uneven edge will cause splits In the metal if it is not trimmed 
occasionally. As a carpenter is known by his chips, so a spinner is 
known by the way his work stretches. While the even pressure of 
a good spinner will stretch the stock very lUtle, the uneven pressure 
of the inexperienced man will lead him Into all sons of trouble on 
account of the way the stock will "go." In either case the metal always 
stretches least In the direction in which the sheet stock was originally 
rolled, consequently giving the edge a slight oval shape. In trimming 
zinc, the spinner holds a "swab" of cloth just above the diamond point, 
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to prevent the cbipB from flying loto his face and eves — or those of 
his neighbors. With other metals the swab is unnecessary. 

The reflector Is now taking shape. With each succeaalye stroke the 
Bpinner sets a little more of the metal against the torm. Not only does 
spinning stretch the metal, but It hardens It as well; therefore, at the 
Btage C It becomes necessary to anneal the partially completed reflector, 
which is done by heating It to a low red In a gas furnace. In running 
through a lot of shells, the common practice is to spin them all as far 
as possible without annealing, and after annealing the whole lot. to 
complete the spinning. 

Alter replacing the shell upon the form. It Is trimmed and worked 
further along the form, gradually assuming the appearance shown at 




D. At this time, the spinner goes back to the small radius at the front 
end of the shell and wllb a ball tool he closes the annealed metal hard 
down against the form, for the spinning has tended to pull the stock 
slightly from the form at this point. The body of the reflector Is now 
practically completed and the spinner directs his attpntlon to rolling 
the bead at the outside edge. Slowly he begins to roll the edge of the 
shell' back, using his hook tool to complete the bead as far as possible 
and exercising care to keep the back-stick flrmly against the metal 
so as to keep the wrinkles out. Now, with the diamond point, be 
gives the edges a final Irim, and with the beading tool closes down 
the bead snugly against the rest of the shell, as shown at E. l>aBt1y, 
the swivel cutter la placed In the proper hole of the T-rest and a turn 
of the tool cuts out the center to the exact size, and the reflector la 
completed. If any burra or rough places remain they are easily re- 
moved at this time with the skimmer or diamond point, and a little 
emery cloth gives the shell a finished appearance. 
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Referring to the lIlUBtration Fig. 7, ±, B and C represent the ttaree 
moBt important slageB of spinning a shell like that shown at C. An- 
nealing Is necessary between steps A and B. D is a shell spun upon 
a tonn of tbe plug variety, and E and F are two views of a shell spun 
after the method shown in Fig. 4. F being the completed shell. O 
Illustrates a very difficult shell to spin, on account of the small follower 
that must be used; the length of the small diameter also adds to tbe 
difficulty. H shows a shell that must be spun upon a sectional chuck, 
while / Is a plain easy Job of ornamental spinning. The ball shown 
at J was Spun from one piece of aluminum and it is more of a curiosity 
than a specimen of practical splnnlog. It was first spun over a form 
that would leave one half of the ball complete and the stock for the 
other hair straight out like a short tube. Next a wooden split chuck 
was made, hollowed out to receive tbe finished end ol the ball and tbe 
open end was gradually spun down and In until tJie ball was complete 
with but a l/'16-tnch bole at the end. This hole was plugged and tbe 
hollow ball was done. 
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As another example of melal spinning, assume the shape shown In 
Fig. 13. The shell la to be 20 inches In diameter, 6 Inches deep, and 
0.060 inch thick. The metal to be used Is zinc. This is an interesting 
metal spinning Job, and not a particularly difficult one. The shell can 
be best spun with the aid of two spinning forms, such as are Illustrated 
in Figs. 14 and 15. These forms should be made of kiln-dried maple if 
there are comparatively few shells to be spun. If there are many. 
the forms should be made of cast iron. Fig. 14 shows the flrst form to 
be used, which conforms to the outside of the shell as far as the centers 
of the spherical ring. Beyond these points, the form Is straight. Tbe 
blank tc be spun is placed as Indicated hy the dotted lines, and follower 
No. 1 is used to hold the work against the form. The chief trouble 
ivill be met In properly starting the shell, because of the small follower 
thai must be employed. However, follower No, 2 may be substituted 
after working tbe metal back against the form a few inches, and as 
this gives a better grip on the shell, there will be no further danger 
of slipping. After spinning the zinc shell to the shape of the flrst 
form (Fig. 14) It will probably have to be annealed, but this can only be 
determined by trial. In annealing zinc, tbe flame shonld not be allowed 
to touch tbe metal. The half compleled shell is then put on form No. 
2 shown in Fig. 15. It is an easy matter to spin tbe metal round to 
complete the arc. Tbe dotted line shows the position of the shell before 
starting tbe last part of the spinning. Of course, it will he understood 
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that the shell must be trimmed several tlmee during the spiDDing, and 
If tEe Irimmlng Is frequently done, a well-ahaped sbell should result. 
For spinning on form No. 2, follower No. 3 must be used. Either 
beeswax or soap should be frequently rubbed over the work while 
spinning. If it 1b necessary to cut out the center, It can be done before 
removing the shell from the laat form by simply removing the follower 
and using a diamond point tool, or tn larg^- product work the swivel 
cutter win work well. The shell will cling to the form without the 
follower. The spinning speed should be from 800 to 1,000 R. P. M, 
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While the operation of spinning Is a comparatively simple one to 
desrribe, it Is not easily learned, and to-day good all-around spinners 
are hard to find. The limits of accuracy are not as closely defined as 
in straight machine work, but there are times when good fits are 
absolutely necessary, as in cases where two shells must slip snugly 
together. In this chapter we have taken up only the plain every^iay 
kind of si)innlng. and were we to follow Its work In the gold and 
silversmith's trade, we would see it evolve into a fine art. In order 
to insure realty good work coming from the spinning lathe, there Is 
n wide range of knowledge that the spinner must have. That knowl- 
edge may be brought together and summed up by a single word — 
illtlpvirnt. 
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CHAPTER II 



TOOLS AND METHODS USED IN 
METAL SPINNING* 

The prtnclpal object of this chapter Is to describe In detail the vari- 
ous operatioDB of splanlng metal so that a tool-maker or machinist 
who has not access to a metal spinner, will be able to make his own 
tools, rig up an engine or speed latbe, and make the simple forms 
or models that are required in experimental work. To do this Intelli- 
gently, it la necessary to follow in detail every step In metal spinning 
from (he circular blank to annealing, pickling, dipping, burnishing, 
etc., and also to know how to make the simpler forms of spinning 
tools, what lubricants to use on the different kinds of metals, what 
material to make the spinning chuck of, and how far the metal can be 
worked before annealing. 

Spinning metal Into complicated and elaborate shapes. Is an art 
fully as dimcult as any craft, and the man Is truly an artist that can 
make artistic and graceful outlines In metal, especially when only a 
few pieces are required and the cost will not allow of making special 
chucks to do the work on and with no outline chucks to govern his 
design, the forms being made by skill and manipulation of tools alone. 
Such skill is tar superior to that of the Russian metal worker, who, 
instead of making a vase or ornament of one piece, cuts up several 
sections and soft solders them together, after covering them with 
crude "gingerbread" work to disguise his po6r metal work. 

The amateur can Imitate the Russian work, but never the work of 
the skilled spinner. Tiiere are several grades of spinners, most of 
them never attaining the skill of the model-maker or the facility tor 
handling the different metals. A man that has had several years of 
experience spinning brass or copper would not be able to spin brltan- 
nia or white metal without stretching It to a very uneven thickness. 
Aa brass or copper is harder than the other metals mentioned, they re- 
sist the tool more and require more pressure in forming, and if the 
operator used the same pressure on the softer metals, he would stretch 
or distort them, so that they would be perhaps one-quarter of the 
original thickness at angles and corners where the strain in spinning 
would be greatest, which would ruin the articles. The best test for 
skill in ordinary spinning, is to take a long dlfflcult shape, after being 
finished, and saw it In two lengthwise, and if the variation in thick- 
ness Is less than 25 per cent of the original gage, It la good practice. 
Some spinners can keep within 10 per cent of the gage on ordinary 
work, but they are scarce. 

The spinning trad& In this country is mostly followed by foreigners, 
Germans and Swedes being the best. The American that haa intelli- 
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Kence and skill enough to be a flrst class spinner, will generallir look 
around for Eometbing easier about the time that he has the trade 
acquired. It Is an occupation that cannot be followed up In old age, 
as It Is too strenuous, the operator being on his feet conatantl]', and 
having to use his head as well as his muscles. 

Oeneral Bemtirks on Metal Spinning CtiuclcB 

For common plain shapes, a patternmaker's faceplate, with a tap- 
ered center screw, la sufficient for holding the wood chuck. The hole 
In the wood should be the same taper as the screw, thus giving an 
even grip on the thread. If a straight bole only is used, and It is not 
reamed out before screwing to the plate. It will only have a bearing 
on one or two threads, and It the chuck Is taken off and replaced on tbe 
faceplate, it will not run true. Care should also tte taken to face oft 
the end of tbe chuck flat, or to slightly recess it, so that it will screw 
up evenly against the faceplate, as a high center will cause it to rock 
and run out of true. 

In large chucks (over five Inches) it is best to have three or fonr 
wood screws, besides tbe center screw. The boles for these can be 
spaced off accurately on a circle in the Iron faceplate, and drilled and 
countersunk. It is best to have twice as many holes as screws; that 
is, if four screws are used there should be eight holes, so that If tbe 
chuck has to be replaced at any time and the wood has shrunk. It 
can be turned oneeighlh of a revolution further than the original 
chucking. 

Where a chuck has to be used several times, It Is better practice 
to cut a thread in the wood and screw the chuck directly to tbe 
spindle of a lathe, not using the faceplate. This thread can be chased 
with a regular chasing 'tool, where the operator has the sklii. or 
if not. the wcod can be bored out and a special wood tap used. Sucb 
a tap has no (lutes and It Is bored hollow, there being a wall about 
3/16 inch thick. One tooth does all the cutting, that is the one at the 
end of the thread. The chips go into the hollow part of the tap. The 
end of tbe tap for about % incli should have the same diameter as tbe 
hole before threading to act as guide for the cutting tooth. 

It is essential that a chuck should run very true and be balanced 
perfectly, as the high speed aC which It runs will cause It to vibrate 
and run out of true, causing the Qnlshed meial to show chatter marks. 
The best wood lor chucks Is hard maple, and It should be selected 
for its even grain and absence of checks and cracks. It is best to 
paint the ends with paraflJne or red lead, or to Immerse tlie chucks 
in some vegetable oil afler turning. Cottonseed oil Is very good for 
this purpose, but care should be taken not to soak the chucks too 
long. 

For a man not skilled in spinning, it Is better to use metal chucks 
than wood, for If there are many shells of a kind, the operator Is 
liable to bear too hard on the tool, thus compressing the chuck and 
making the last shells smaller than the first. Corners and angles not 
well supported might also be knocked oft. The writer prefers coW 
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rolled Bteel for chucks up to 6 Inches In diameter and' cast iron tor the 
larger ones, but where good steel castings can be obtained, a goad 
«huck can be made hy turning roughly to shape a wood pattern, allow- 
ing enough for shrinkage and finishing, and hollowing out the back to 
lighten It. When the chuck is finished all over In the lathe, it should 
balance much better than a cast iron one, as there are not the chances 
of having blow holes In the Iron, thus throwing the chuck out of bal- 

Annealin? 

The distance that metal can be drawn without annealing, can only 
be learned by experience. A flat blank rotated In the lathe, being soft, 
will offer little resistance and It can be gradually drawn down by a 
tool held under the chuck and against the blank. This tool Is pushed 
from the center outward and forward at the same time, and every 
time it passes over the blank or disk the metal becomes harder by 
trlction, and the change oF formation and the resistance at the point 
of the tool greater. This can be felt as the tool Is under the oper- 
ator's arm. When the spring of the metal Is such that the tool does 
not gain any, but only hardens the metal, the shell should be taken 
oft and annealed. If the metal has been under a severe strain, It 
should be hammered on the horn of an anvil or any metal piece that 
will support the Inside. The hammer should be a wood or rawhide 
mallet, but never metal, the object being to put dents or Qutes in the 
metal to relieve the strain when heating for annealing; if this is not 
done the shell will crack. 

After annealing the shell It should be pickled to clean the oxide or 
scale from the surface; otherwise the metal will be pitted. When 
the scale is crowded into the metal and when It will not finish smooth 
after spinning to shape, the metal can be finished by skimming or 
shaving the outer surface which cuts out all tool marks; It can then 
be flnfahed with medium emery cloth or the shell can be bright dipped, 
and t>e run over with a burnishing tool before bufltng. Burnishing 
can be done on the spinning chuck, but the speed should be higher 
than for spinning; this requires some skill for a good Job, and it can 
be done only on metal chucks. 

Annealing is best accomplished in a wood or gas oven, where a 
forge fire is used. The metal should never touch the coke or other 
fuel, but It should be held In the flame above the fire. Where only 
part annealing Is required, the shell can be immersed in water, the 
part to be annealed being exposed above the water, and a blowpipe 
used on It. The remainder of the shell will then be hard. This way 
of annealing Is sometimes necessary on a special shapes. 

Brass should be heated to a cherry red, and held at that point for 
a few minutes. In a muffle furnace. If an open furnace Is used. Just 
bring the metal to a cherry red and then dip it in water; this method 
1b better than when waiting for it to cool, the action being Just the op- 
posite to that on steel. Brass such as the common yellow brass Is not 
suitable for spinning, there being but 55 per cent copper and 45 per 
cent zinc. There are two grades of brass suitable for spinning. These 
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are known as ■'spinning and drawing," having 60 per cent copper and 
40 per cent zinc, and "extra spinning and drawing" baving 67 per 
cent copper and 33 per cent zinc. Tbere is also a letter grade known 
as "low brass" having from 75 to SO per cent copper; it has the color 
of bronse and Is only used on very deep and dlfflcult spinning. 

The scale, after annealing, should be pickled off In an acid bath 
(described further on In this chapter), and the part thoroughly washed 
ju running water. Brass, German sliver and the harder metals should 
be hammered before annealing; it is not necessary to hammer zinc, 
copper, aluminum, etc, 

A pyrometer in an annealing furnace would be an advantage where 
quantities of the softer metals such as zinc, aluminum, etc., are being 
heated. Copper is annealed the same as brass and is also pickled. 
Zinc is coated wltb oil before being put in the oven, and when the oil 



turns brown, which occurs when the temperature Is about 3S0 degrees, 
the metal is ready to take out; It should then be plunged In water to 
shed the scale, but not pickled. The melting point of zinc Is 780 de- 
grees F. Aluminum can be annealed tbe same as zinc, as the melting 
point Is 1,140 degrees F. 

Steel should be annealed by heating to a cherry red and then allow- 
ing It Co cool slowly; It should be scaled In a special pickle, thoroughly 
washed, and then put back In the fire long enough to evaporate every 
particle of acid that may have remained from tbe pickling operation. 
Any acid remaining on the steel will neutralize any lubricant that Is 
applied when spinning, Annpallng should be avoided wherever possi- 
ble. Open hearth steel only should be used. It should be free from 
scale and preferably cold rolled, Bessemer sleel is not suitable, ex- 
cept for very shallow spinnings. Tin plate made from open hearth 
steel can be spun about one-half as deep as its diameter where the 
shape la not too Irregular, German silver is dlfflcult to spin, espe- 
cially when it contains over 15 per cent nickel; it has to be hammered 
before annealing, the same as brass, to avoid cracks. ^ 
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Lubticante 

Common yellow Boap'cut up In strips about ^ Inch or % Inch square 
IB a good lubricant for spinning most metals. It should be applied 
evenly to the dlBk or blank while it is revolving, by holding the soap 
in the band and drawing It across the surface. Beeswax is the best 
for spinning steel, but It is expensive. Lard oil mixed with white 
lead is a fair substitute. Either mutton or beef tallow applied with a 
cloth swab Is very good on most all metals: also vaseline and graphite 
mixed to a paste and applied the same as tallow. 

Examples of Spinning Various Metals 

The different metals are malleable, ductile and tenacious in the 
following order; white metal or britannla, aluminum, zinc, copper, 
low brass, high brass, German silver, steel, tin plate. White metal 
does not harden in spinning, but it requires special skill In handling, 
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or the metal will be of very uneven gage. The best metal for an 
amatenr to start on is copper, as it Is both tenacious and ductile, and 
will stand much abuse In the Are and on the lathe. One of the pecu- 
liar properties of zinc Is that it has a grain or texture, and when 
spinning, the two sides ttiat went through the rolls lengthwise will 
be longer than the sides that have the cross grain, requiring the shell 
to be trimmed off quite a distance to even the edge. 

To show the possibilities of working the different metals, and their 
relative spinning values, a number of articles made from dlRerent 
materials are Illustrated herewith. ' 

A zinc lamp shade le shown In Fig. 16 that Is I414 Inches In diam- 
eter and 4% Inches deep. This shade was spun in one operation, with- 
out annealing, from a flat circular blank. All zinc should be warmed 
before spinning, either over a gas burner at the lathe or In hot soap 
water, and the chuck also should be heated, as otherwise tlie blank 
will soon chill. If spun on a cold metal chuck, as the chuck absorbs 
the heat long before the operation is flnished. Of course Hhis dots 
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not apply to wooden chucha. The cbuck may be heated by using the 
burner ebown in Fig. 17, wbtcb is located around the spindle of the 
lathe. The size of tbe burner should, of course, be in proportion to 
that of the chuck ueed. The burner illuHtrated is S Inches In diam- 
eter. It bas several small holes drilled for the gas on the side facing 
the chuck. The beat of tbe chuck is regulated by varying the supply 
of gas to the burner. The blank la healed before it is put on the 
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chuck and the friction of the spinning tool helps to keep it warm until 
It comes fn contact with the chuck. The metal Tetains Its heat until 
the Job is finished, and this sometimes saves an annealing operation. 
In Fig IS Is shown an example of aluminum spinning. The article 
illustrated is a cuspidor having a top 7% Inches in diameter, a neck 
with a 4-inch flare, a diameter at the top of 9>4 Inches, and a height 



of 6'^ inches. This shell was spun without annealing, which shows 
the extreme ductility of aluminum. The copper shell shown In Fig. 
19. bas a maximum diameter of 7 inches, and a depih of 8 inches; 
It was spun with four annealings. A German silver reflector, which 
Is 10 Inches In diameter at the largest end and 5 Inches deep. Is shown 
in Pig. 20. The spinning of such a reflector, when made from this 
material, is quite difficult. An open hearth cold-rolled steel shell with 
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a maximum diameter o£ 3 Inches and a depth of 4 inches ia shown In 
Fig. 2i. TblB shell was spun without annealing, which shows that the 
grade of steel used is well adapted for this work. 

Id Fig. 22 two finished brass shells are shown to the right, and also 
the number of operations required to change the form of the metal. 
The upper shell is 6 inches long and Z^ inches In diameter at the 



Pla. 89. VulDua BIspa In BpiDDtBC Uie Tvo Bnu Shalls M tht Bl^bt 

large end, while the lower one is 7^ Inches long by 3^ Inches in 
diameter. It was necessary to anneal these shells between each 
operation, the upper shell being annealed four times and the lower 
one tliree times. These pieces were made In quantities sufficient to war- 
rant the making of chucks for each operation, which enabled them to 
be spun with less skill than would be required if a finishing chuck 



only were made. When a single flnishing chuck is used, the various 
operations In spinning a shell of this kind would be left to the Judg- 
ment of the spinner, who would decide the limit of the stretch of 
metal between the operations before annealing. 

A brass shell that is made in five operations and with four anneal- 
Ings is shown is Fig. 23. The flnishing chuck used is a split or key 
chuck on which it is necessary to cut out the end of the shell in order 
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to withdraw thp key after the shell ts spun. This ehelJ, which Is 
shown Bnlshed to the riKht, Is 5*^ Inches long. It is spun smooth on 
a machine steel chuck, &ad is not skimmed, but gone over with a 
planishing tool at the last operation. The two pieces shown In Fig. 
22 were also fluished in this way. 



Fig. 24 shows a brass shell, which Is a good example of "air spin- 
ning," so called because the finishing or second operation on part of 
the shape is done in tile air. thus avoiding the use of a sectional or 
split chuck. The shell shown is about 6^ Inches in diameter. The 
first or breaking-down chuck is shown at A. The neck or small part 



of the piece, and also a portion of the spherical surface, la formed by 
the spinning toot without any support from the chuck. After the shell 
Is spun or broken down on chuck A. It is annealed and pickled. It is 
then put back on chuck A and planished or hardened on the part that 
Is to retain its present shape. The work la then placed on the chuck 
B and the soft part Is manipulated by the tool until it conforms to 
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the Bhape sbown to the right. Whtle this soft part of the metal is 
being formed, the part which was prevlouely hardened retains Its 

Various Typ«B of Metal- splnnlne; Obucks and 
their Construction * 

A mlscellaneouB collection of spinning chucks Is shown In Pig. 25. 
As will be seen, the larger ones are machined out In the back to 
lighten them, and also to give them an even balance. The larger of 
those illustrated measure about SVi Inches In diameter, and they are 
made of cast Iron, while the smaller chucks shown In this view are 
of machine steel. The chuck marked A Is a key chuck. Another 
collection of spinning chucks of various shapes Is shown In Fig. 26. 



1^1^, se. Anollwr Group of eplnntag OfiuckB. Thova In ths tJppar Row 

-Those In the upper row are all key or split chucks, and the keys 
are shown withdrawn from the sockets. All these chucks, up to 6 
Inches in diameter, are made of machine steel; those seen in the 
lower row are shapes which are comparatively easy to spin. 

A collection of hard maple chucks Is shown In Fig. 27, some of 
which represent shapes that are difficult to spin. The chuck A la 15 
Inches long, and the maximum diameter of B \b 12'/^ Inches. These 
flgures will serve to give an Idea of the proportions of the other 
chucks. All or the chucks shown have threads cut In them and they 
are screwed directly to the epindle of the lathe, the faceplate being 
dispensed with. Some of the larger wooden chucks used measure 
approximately 5 feet In diameter. A chuck of this size Is built up of 
sections which are glued together.. 

A number of bronze secllona! split chucks are shown in Fig. 2R. 
When spinning over ^-SeLilonal chuck, it Is first necesaary^td-brMAI,, 
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down the shell as far as ts practicable on a solid chuck. Care should 
be taken, however, to leave sufficient clearance so that the work txmj 
be withdrawn. The ehell la then annealed, after which It Is put on 
the sectional chucb and the under cut or small end is spun down to 
the chuck surface. When the entire surface of the shell is spun down 
to a hearing, the shell is planished or Bklmmed to a smooth surface; 



the open edge is also trimmed even and the shell is polished with 
emery cloth. 

A large bronie chuck ot seven sections, one of which Is a key sec- 
tion, la shown at A. The largest diameter of this chuck Is 10 inches. 
It has a cast iron center hub and a steel tap at the top for holding 
the eectlona in place. This cap. when in place :n the retaining Sroove I 
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shown. Is flusb with the top of the chuck. Another large chuck hav- 
ing five sections and ooe key sectiOD is shown at B. The retaining 
cap In this case is of a different form. The lower parte of the sections 
of all these chucks fit in a groove at the bottom of the hub. A chuck 
of five sections that ia without a binding cap, is shown at G. This 
Is not a good design as the hub or center is too straight, and all of 
the grip or drive is from the bottom groove, which is not sufflcient. 
The shape shown at D is more difScuIt to spin than any of the others, 
as It is smaller at the opening in proportion to Its size. This chuck 
also requires more sections in order that it may be withdrawn from 
the shell after tbe latter is spun. The chuck E is Intended for a small 
shell that is also difficult to spin. The drive pins which prevent the 
segments of the chuck E from turning may be seen projecting from 
Its base. The centering pins at tbe outer end of chucks D and E and 



the binding caps may also be seen. Tbe chuck A. because of Us size, 
is hollowed out to reduce the weight All of these chucks were made 
for hard service, and they have been used In spinning thousands of 
shells. 

Another group of sectional chueks is shown In Fig. 29, They are 
mostly made from hard maple. The sections of chuck A are planed 
and fitted together and thin pieces of paper are glued Co these sec- 
tions before they are glued collectively for turning. By using the 
paper between the jolnis, the sections may be easily separated after 
they are turned to the proper size and form. If the different sections 
were glued without paper between thera, the Joint formed nould be 
so good that the separatlcn of the sections could not be controlled, 
and parts from opposite sections would be torn away. The use of the 
paper, however, between the glued joints, controls tbe separation of 
the sections. The chuck shown at D is also made wllh the paper be- 
tween the sections. Chucks B and E are turned from the solid, care 
being taken lo have the grain of the wood lengthwise. After they are 
turned to the required form, they are split into sections with ^ sharp 
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chisel. Before doing this, the key section should first be laid out. 
There should be as few sections as possible, the number being Just 
Bufflelent to enable the withdrawing of the chuck from the sbell after 
the latter Is spun to shape. This method of making a chuck, while 
Quicker tban the other, la not good pracilte, except for small work. 

A lignum vlte chuck Is shown at A In Fig. 30; this was made with 
paper ttetween the sections. The key-aectlon is shown on top. This 
wood, while being more durable than hard maple, coats sixteen cents 
a pound In the rough and, counting the waste material, Is oot any- 
cheaper than bronze, and is less durable. The hard maple chucks B 
and C were turned from the solid, after which the sections were spilt. 
The segments shown in the center of the Illustration did not split 
evenly, owing to a winding or twisting grain. 



The conBtrucilon of a sectional spinning chuck is shown in Fig. 31. 
This Illustration also shows the proper proportion (or the central hub 
and ils laper. This hub should never be straight, but should have 
from 5 ro T'-i degrees taper on the central part. There should also 
be a taper of iV, degree on the other binding surfaces as Indicated. 
These iiarts are made tapering ao that the shell can be released from 
the lathe after spinning, without hammering or driving; when straight 
surfaces are used the work has to be pried off. and it is also harder 
to set up the sections for the next shell. Another disadvantage is that 
with straight fittings the wear cannot be taken up. An end cap or 
binder sliould be used wherever possible as It steadies the chuck. A 
drive pin should also he used and the bole tor It drilled in the largest 
section; this Is Importanl, as It gives the secllons a more positive 
drive. It they slip they will soon wear themselves loose and leave 
openings at the joints. 

The plan view shows the method ot laying out the various sections. 
The key should be laid out first. One key is enough for the particular . 
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form of cbuck lIloBtrated, but It Is olten necessary to use two key 
secEloDs when the shell opealDg is small. 

When a sectional cbuck ts to be made, it is Important to decide first 
on the size of the central hub A, the numlier of sections C. and also the 
design of the cap or binder B. This cap must not exceed In size the 
opening In the finished shell, as it would be impossible to remove It 
- after the chuck sections 
were taken out. After 
the size of the hub A has 
been decided upon, a 
wooden form should be 
turned that la a. duplicate 
of A, except that a spheri- 
cal surface E should be 
added. This splierical part 
should be slightly smaller 
than the Inner diameter 
OF the bronze sections In 
order to allow for machin- 
ing them. In turning this 
wooden pattern on which 
the plaster patterns for the 
sections are to be formed. 
the shoulder D should be 
omitted, as a removable 
metal ring will take its 

■Wheu the wooden hub is 
ready, two metal parti- 
tions or templets of the 
same outline as the cbuck, 
though about one-half inch 
larger than its total diam- 
eter, for shrinkage and 
flnlsbing, are fastened to 
the hub m the correct posi- 
tion for making a plaster 
pattern for the key section. 
These patterns should 
have extension ends so 
that the sections when cast 
ni, ai. merkaon ud Plan bUowHv Oonnmcaon may be held by them while 
of a.ciioi»i Chuck ^^^y ^j.g (^l^g turned. 

The templets should be banked around with a wad of clay, and they 
should also be coated on the inside with sperm oil to keep the plas- 
ter from sticking. There should be two brads driven in the hub for 
each section of plaster to hold the sections in place while they are 
being turned. After. the plaster for the key section has hardened, the 
templets should be located one on each side of the key section, so 
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that tbe two adjacent eectlons may be made. In this way all the 
aectiona are finished. After about forty-eight bours the plaster will 
be hard enough to turn In the lathe with a hand tool. The form 
should be roughly outlined and plenty ol etock left for shrinkage, as 
bronze ehrlnka considerably. Before taking tbe sections off the uooden 
frame, the metal band D should be removed to allow tbe sections to 
be separated. This sliould not be done, however, until they are num- 
bered, so that they can be again placed in their proper positions. 
After the sections are cast, they should be surfaced on a disk grinder. 
or finished with a file, care being taken to remove as little metal as 
possible. Each section is next tinned on both contact faces, and then 



all are assembled and sweated or soldered together by a blow-pipe. 
It is sometimes necessary to put a couple of strong metal bands around 
tbe sections to bold them Urmly in place when soldering and also 
to support them during the turning operation. 

The central hub A should be machined first; then the assembled 
outside shell should be machined to fit the hub A. both on the taper 
part and at the point B. While the segments are being bored and 
faced, they are held by the extension ends (not shown) which were 
provided for this purrose. This outer shell should also be machined 
all over the Inside so that it will be in balance. It Is then taken out of 
the cbuck and a bole is drilled in the largest section tor drive pin H. 
Tbe hub A Is then caught in the lathe cbuck with tbe assembled sec- 
tions on It, and a seat Is turned for the cap B. After this Is done 
the binder bands can he removed, but not before. The chuck can be 
finished with a hand tool and file after the roughing cut Is taken. 
.\rtcr the sections are removed from the hub and numbered at tbe 
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bottom or Inner ends, they can be separated by heating them. If the 
Joints are properly fitted there will be only a thin film ot solder, 
which can be wiped off when hot. 

A twenty-four-inch metal spinning lathe that Is rigged up la a mod- 
ern way, l8 shown in Fig. 32. The hand wheel of the tallstock has 
been discarded tor the lever A. which is more rapid and can be ma- 
nipulated without stopplDg the lathe. This lathe has a roller bearing 
tor the center B which Is a practical improvement over types pre- 
viously used. The pin C, which is used In the rest as a fulcrum for 
the spinning tools, is also an improvement, being larger than those 
ordinarily used. It is % inch in diameter, 6 Inches long, and it has ' 



a reduced end (or the holes In the rest, % Inch in diameter by 1 inch 
long. This pin Is large enough so that the spinner can conveniently 
hold it with his left hand when necessary, and it can also be rapidly 
changed to different boles. The pins ordinarily used, because of their 
small size, do not have these advantages. The speed of a spinning 
lathe having a five-step cone should be about Z.2S0 to 2.300 revolu- 
tions per minute with the belt on the smallest step, and from 600 to 
TOO revolutions per minute with the belt on the largest step. The 
fastest speed given Is suitable for all M'ork under 5 inches in diam- 
eter, and the slowest for work within the capacity of the lathe. On 
large shells It Is sometimes necessary to change from one speed to 
another as the work progresses. Figs, 33 and 34 show the spinner at 
work, and Illustrate how the tool should be held, and al?o the proper 
position of the left hand. 
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Conatructton of the Tallstock and Back-center 
Fig. 35 shows a splnn log-lathe tailstock. wtalch has been ohanged 
from tbe hand' wheel-and -screw type to one having a lever and a roller 
bearing. The spindle A whlcb is withdrawn from the lever and 
turned oneH]uarter of a revolution to give a better view ot the rollers. 
Is made from 1%-inch cold rolled steel. The rollers against whicli 
the center bears do not project beyond the spindle, so that the latter 
can be withdrawn through the tailstock. This eliminates the excessive 
overhang caused by ball bearings and other centers. When the cen- 
ter projects too tar, the tailstock cannot be set close to the work, 
owing to the necessity of withdrawing the center when removing the 



spun part. The application of this principle to a spinning lathe is 
original and the type of center Illustrated was used only after ell 
other kinds had failed, Including all the types of ball bearings and 
revolving pina, The beat forma of ball bearing centera do not last 
over a year, If in constant use, and they will not always revolve on 
small work. Two other spindles are shown in this engraving, which 
were taken from other lathes in order to show different views of the 
parts. The cylindrical pieces B are the hardened friction rollers 
which belong in the slot of the spindle F. and C is the hardened pin 
upon which they revolve. The hardened center D baa a threaded end 
on which the back-centers E of dllTerent lengths and shapes are 
screwed. The friction rollers should always be in a vertical position, 
and care should be taken, to have them exactly central with the spindle. 
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and also gives tbe prlocipal dimeDsIone ot a roller bearing For a !%• 
ineb spindle. A is a hardened atesl bushing, which la driven Into 
the machine steel spindle. The parts B are the hardened steel rollers 
which travel in opposite directions. These rollers have a small amount 
of (rictlon, and this is distributed over a large area. A spindle revolv- 



ing at 2,300 revolutions per minute will not cause these rollers to 
rotate very rapidly, while a ball bearing with balls traveling in a 
channel l^^ inch or 3 Inches in diameter would be traveling at the 
same speed as tbe driving spindle. They also wear out rapidly as the 
end strain is very great. It being necessary to force the center against 
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the metal with considerable pressure to keep It from slipping. C is the 
hardened pin upon which the rollers revolve, and D is the hardened 
spindle on which the various back-centers are screwed. The collar B 
should either be flattened for a wrench, or a y/16-inch hole, in which a 






L be inserted, should be drilled through the spindle, so that i 
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It can be kept from rotating when Bcrewlng on the back-cenlers. Some 
spinners prefer the spindle loose, so that It can be withdrawn when 
changing the centers, while others preter one with considerable lateral 
motion, but not enough to permit of withdrawal. By Inserting a 
screw-point In the recess F, the center has considerable lateral mo- 
tion, but not enough to allow it to be withdrawn. This recess is use- 
ful In that It helps to dlslrlbute the oil. All parts should be hard- 
ened and drawn to a light straw color; they should also be ground or 
lapped to a true fit after hardening. Back-centers of this construction 




have been In use for over three years in one establishment, and it 
has not been necessary to replace a single part. 
Toole Deed In Metal SplDnlns 

Fig. 37 shows an atlachment which Is used to roll any bead or form. 
This tool, when in use, is inserted in the tallsiock spindle In place 
of the regular cenler. It Is adjustable tor any diameter. The roll 
Illustrated Is for making a sharp turn, but rounds and other forms 
are used. The shell being spun by this tool should be held on a hol- 
low chuck. The roll is set at a point where the metal Is to be turned 
over, and by Us use the curve may be governed and made uniform 
with less skill than when ihe work Is done by "air spinning." In 
addition, the spinning may be done in less time. This attachment, 
fcr some shapes, makes (he use of sectional chucks unnecessary. 

Fig. 38 shows several spinning tools, the heads of which were turned 
in the lathe Instead of being forged. This methofl of making spin- 
ning tools Is believed to he original. The spinners prefer them to 
the tools which are forged in one piece, because the heads which 
are screwed to the shanks arc made of the best quality of steel, such 
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as the high-speed or self-hardening steel. The shapes are also better 
and the surfaces more true. The heads of these tools are all threaded 
with standard 14-tnch, %-lnch and ^-Inch pipe taps, according to the 
Bize. Obviously, a spinner can have as manj different shaped heads 
as may be required of each of the sizes given, and only one handle. 



The tapering threads In these heads insure that they will always 
screw on the shanks tightly no matter how often they may be replaced. 
The U-lnch size takes a Vi-lnch cold rolled holder; the %-lnch, a 
''N'lnch holder, and the ^i Inch, a %-lnch holder. These will be found 
large enough for the heaviest work. The egg-shaped tool A Is a good 



form tor roughing or breaking down, as It has plenty of clearance 
on the heel, and a blunt point that will not tear the metal. This tool 
Is shown in four sizes. The ball or spherical tool B is a good one to 
to use on curves and large sweeps. The toot G Is elliptic, and Is 
allghtly ditTerent from A, as it has a blunter point. One of these 



.CnOOgle 



34 No. sr-itHTAL SPINNING 

heads is staown at D screwed onto a reducer by which It 1b held In the 
lathe chuck while being turned. These heads or points can aiso be 
turned while on the handle by using a steady rest. 




A group ot trimmers, skimmers and edgers Is shown in Fig. 39. 
Three skimmers of the built-up type are illustrated, tbe shanks being 
of machine steel and the blades being riveted to the holders. These 
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blades are made of ettber blgh^apeed or regular steel. Skimmers 
which are forged In the regular way from one piece of steel, are 
shown at B. A number of edgers C. which are 'made of high-speed or 
self-hardening steel, are also illustrated. These tools are used with- 
out handles until they are worn down short, after which tangs are 
forged on their ends and they are used In handles. Edgers are util- 
ized on all kinds of work for trimming the ends of the shells. The 
skimmer is seldom used on metal chucks, but mostly In connection 
with wooden chucks, where the metal cannot be smoothed down with 
a planlsher. The skimmer is run ovtr the metat lightly, taking a 
thin shaving and smoothing the uneven surfaces. It requires con- 



siderable skill to use this tool wltliout wasting the metal. The sur- 
face of the work is finished with emery clotli after skimming. 

Figs. 40 and 41 show a number of spinning tools of various shapes. 
ThP letters A indicate the breaking-down or round-nosed tools ot differ- 
ent sizes. This type of tool, which Is finished smooth and has a blunt 
point, Is used for forming corners and sharp angles, and it Is the tool 
moat commonly used by spincera. The planishera and burnishers B 
are used on all convex surfaces and for flnishlng on metal chucks 
where there is to be no skimming done. The tools C are known as 
hook or poker tools, and they are ustd to turn up beads or curves from 
the inside of the shell. The holders having rollers are used for turn- 
ing over beads, the metal first being trimmed and turned to a vertical 
position. The other shapes shown are Irregular tools tor special work 
and they are not In dally use. 

Two pairs of spinners' pliers for turning over the edge of the metal 
when making large curves are shown In Fig. 42. The wedge-shaped 

L'L _ . . ^^.. 



36 \o. 57— METAL SPINNING 

pieces BhowD In thiE llluatratton are used when breaking down or 
rouehlng sbells to give a bearing to the metal in order to prevent it 
trom wrinkling or buckling when changing its tormation. These pieces 
are made ot bard wood with tbe exception ol the one to the right, 
which is oC steel. When one of these pieces Is in use it is held in 
the left hand at a point directly opposite the spinning tool, the metal 
being between the two. Wood la preferable in moat cases, as It doea 
not harden tbe metal blank. 

Tbe tools shown In Fig. 43 are used in spinning sleel. The round 
tools are of drawu brass, and they can be used where the steel inols 
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cannot, for while a steel tool Is perfection on brass, a brass tool Is the 
only thing on steel. It wears out, however, much more rapidly than 
one of steel. The rolls shown in the center are used for breaking 
down steel shells. These tools are hardened and have hardened roller 
bearings. The handles are made of one-inch iron pipe, which is fltled 
with lead to give weight and strength. 

Hard wood tools tbat are used (or breaking down large thin copper 
blanks ranging from. 2 to 5 feet in diameter are shown in Fig. 44. 
These tools are also used where the surface that the tool will cover 
without hardening the metal is important. Blanks which are broken 
down with these tools are finished with the regular types. 

The handles of spinning tools vary in diameter from 1>^ to 1% 
inch, and in length fi'om 16 inches to 20 inches. The tools should 
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project rrom the handles from 9 Co 18 Inches, and the total length of 
the tool and handle should average from 30 to 34 Inchea. 

A group of w«Dd working tools le shown In Fig. 45. These tools 
are of the type commonly used by spinners for turning the various 
shapes of wooden spinning chucks. As the tools illustrated are the 
kind regularly used for wood turning by patternmakers and other 
wood-workers generally, they will need no description. 
Preparation of the Uetal 

Brass, copper, and German silver should be pickled after annealing In. 
order to get the scale or oxide from the surface. There are turnaces 
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that anneal without scaling by excluding the air when heating, but 
ttacy are not in general use. A pickling bath may be made by using 
one part of oil of vitriol (sulphuric acid) and live parts of vater. The 
shells can be put in hot. or the bath can be heated by a coll of lead 
or copper pipe running through It. Steam In no case should enter 
the bath, as the Iron in the teed pipe will spoil the pickle. Any basket 
or box that may be used to hold the shells In the pickle should not 
contain any iron. If a box Is used It should be held together with 
copper nails. The pickle can be used cold, but It will take a little 
longer time to remove the scale. As soon as the scale is free, which 
will be in ahout halt an hour, the shells should be removed or washed 
thoroughly in running water. The shells should be allowed to dry 
bpfore the next operation, which is that of spinning. A lead-lined 
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wooden tank or an earthen jar may be used tor holding the pickle. 
The pickle which 1b used lor steel should be about half as strong as 
that employed for brass. After the work Is in thl» pickle, the latter 
should be brought to the boiling point, after which the pieces should 



be taken out and washed. They are then replaced In the fire tor 
a short time to evaporate any acid that may remain after washing. 

Finished brass articles may be given different shades by dipping 
them in a solution consisting of one part aqua fortls (nitric acid) and 
two parts oil of vitriol. This solution should stand seven or eight 
hours to cool after mixing, and be kept In a crock immersed In a 
water bath. 
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MONCrPLBS OP SPRING CALCULATIONS* 

Although made In & gre&t varlatr of ehapes, the working and «B- 
clency of a.ar eprlng can be readily underatood and Inveetlgated It a 
few fundamental principles determining the resiatance to bending or 
twisting, and the deflection of elastic bodies are understood. Springs 
are generally made of steel or brass, and when under tension are' 
either bent or twisted. Let us, therefore, first consider a fiat piece of 
tempered tool steel of even thickness and width, firmly clamped at one 
end, and with a weight suspended at the free end, as shown in Fig. 1. 
The free length is a little over 12 inches, the width ly, inch, the thick- 
ness 1/16 inch, and the suspended weight 10 pounds. The deflection 
at the free end will be about i% Inches, and the curvature will be as 




m. 



shown in the figure. If made of high carbon crucible steel, properly 
tempered, 10 pounds Is a safe load on this spring, but It may carry oon- 
siderably more before the elastic limit is reached. These facta were 
obtained by calculation, by methods explained later. 

It is obvious that the curvature of any part of the spring depends on 
the leverage or arm of bending, or rather on the "moment of bending," 
which Is the weight multiplied by Its arm of leverage. At A the arm 
is 12 Inches, at E It is about 6 Inches; the moment of bending at B, 
therefore, la only half the moment of bending at A; at S there Is no 
arm, and therefore no bending. Consider a small part — an element — 
of the curve at A. This element will be bent to the arc Of a circle, and 
the radius of this arc Is called the radius of curvature at A; any ele 



* ifACHiNBiT, Maj. Jniy tnd Aogiut, 18B8. 



obyGoogIc 



* ■ No. sS— SPRINGS 

ment nearer B will Have a larger radius of curyature. At A the radius 
of curvature Is about 11 Incbes, at E It la about Z2 Inchea, aad at B 
It IB infinite. 

Carrylner Capacity or a Flat Spring 
ConBiderlng any spring, we must first know whether It Is strong 
enough to carry the load or will stand the work for which It Is In- 
tended. The mistake Is often made of using, or attempting to use, a 
spring which has not sufficient strength or endurance for the work it 
has to do, and which, consequently, gives out after being In use a short 
time. The spring shown In Fig. 1 being of even thickness through Its 
entire length, Is evidently weakest where It Is bent most, that is at A. 
The moment of bending at this point Is 10 x 13 =^ 120, and the bend- 
ing brings forth a moment of realstance or internal resisting moment 
In the steel equal In magnitude to the bending moment of the extrane- 



ous force, and the question to be decided Is: Wliat la tbe greatest fiber 
stress for this moment? Is it within the safe limit? 

Let Fig. 2 represent a small part of the spring greatly magnified and 
the bending greatly exaggerated, and let the dotted lines represent Im- 
aginary fibers or thin parallel strings or strips of steel. The upper 
half of these will be stretched, and the lower half will be compressed; 
but right In the center line of the thickness of the spring the fibers 
will neither be stretched nor compressed, and this line Is therefore 
called the neutral line. We may coaslder any point in this line as a 
pivot for a double-armed lever to which the fibers are attached. Let P 
be the pivot and let KL represent the position of the lever before bend- 
ing, and suppose that this lever, by the l)endlng of the spring, ia 
thrown in the position MN, and then KM represents the amount of 
stretching of the extreme upper fibers, and IfL represents the compres; 
sion of the extreme lower fibers, or rather of a small part of these. 
Steel is not fibrous, but we may call a string of molecules a fiber. All 
the fibers will be stretched or compressed in proportion to their dis- 
tance from the neutral line, and they will therefoM exert a certain re- 
aistance on tbe Imaginary lever MN, and this coUeetive reslst&fice will 
exactly counterbalance the weight on the end of the spring acting on 
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the lever AB, Fig. 1. The outside fibers will be stretched or compressed 
most, and It thej* are stretched beyoDd a certain limit, the spring will 
break or receive a permanent set. I( we double the thickness ot the 
spring, it can evident!; only bend bait as much beiore the limit ot 
Hber stress Is reached; but the average distance ot the fibers from 
pivot P will, in this case, be doubled— that Is, the leverage ot resist- 
ance will be doubled and the number ot fibers will also be doubled. 
The total resistance to bending at the same limit of fiber stress will 
therefore be twice doubled; that is. It will be 2 X 2 ^ 3' = 4 times as 
great, or. In other worde, doubling the thickness of a spring quad- 
ruples its •carrying capacity. It we had Increased the thickness by 
one^talf only, we should have (1^)' ^ 2^ times greater strength. 
In general, let T and U represent the respective thicknesses of two 
similar springs ot same width and length; then 

carrying capacity ot spring T T*- 
carrying capacity ot spring [7 V 
or, the carrying capacities of otherwise similar springs are as the 
square of their respective thldcneeses. This rule applies to bending 
only, and not to springs which are twisted. .The strength ot a 0at 
spring is In simple proportion to Its width, which is obvious without 
demonstration, and therefore. If thickness ^ t and width ^ b, the 
moment ot resistance for a given fiber stress ^ cbf, where c is a con- 
stant factor dependent on the allowable fiber stress. This factor can 
be found experimentally. Suppose, for Instance, it is known that 10 
pounds Is the greatest load which tho spring shown In Fig. 1 ought to 
carry, then in this case, the moment of bending ^ 10 x IZ ^ 120, and 

3 

the moment of resistance ^ c X 1^ X (1/16)' "= c. Equating 

512 
3 

these two quantities wehayo 120^ c, or c = 20,480. Now c being 

E12 
a known constant factor, we can always find the moment of resietauce 
from the formula cW, and this product divided by the leverage of the 
load gives the carrying capacity or admissible load. For Instance, let 
the length or leverage be 10 inches, the width 1 inch, and the thlckn^ 
^ Inch, then, 

20.480 X 1 X (H)' 80,480 

= ^32 pounds, 

10 640 

' which is the safe load on the tree end of the spring. Great exactness 
Is not necessary In such calculations, and the factor £0,600, being 
easier to remember, may be used instead of 2O,4S0. If a spring Is con- 
tinually working, a smaller factor must be used than would be admis- 
sible If It were only occasionally in action, and a much higher factor 
may be used If It has only to exert a constant pressure without any bend- 
ing motion. If a spring Is sufDciently strong and durable under certain 
conditions, we may, from the formula here given, design any number 
of springs equally strong under similar conditions. / ~ - lAii Ic 
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Deflection of a FIM Spring 
We win now consider the amount of deflection of a flat spring. Re- 
ferring to Pig. 3, suppose there be one flexible element at A, and Bup- 
poae the rest of the spring to be perfectly stiff or unelaatlc, whleh part 
we will call the "arm," and suppose the deflection at A will bring 
the arm In the position AF. If there now, instead of one flexible ele- 
ment, be two such elements at A, the inclination of the arm will be on 
line AO, and deflection OB =: 2BF. For three flexible elements the de- 
Bectlon would be three times BF, and so on, provided tbe length of the 
arm remains the same; that Is, the deflection of the arm AB la directly 
propco'tional to the number of flexible elements at A. Now suppose we 
double the length of the arm, as shown by the dotted lines; then we 
also double the moment of bending, and the deflection at the end of the 
arm will therefore be twice doubled. ' Tterefore, by doubling the num- 
ber of elements at A and by doubling the arm, we Increase the linear 
deflection at the free end 2x2xS = 2' = S times. In reality the 
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arm Itself Is flexible, and considering It as made up of flexible ele- 
ments, we may imagine the deflection at the free end as made up of a 
aeries of decreasing elementary deflectiona corresponding to a series 
of flexible elements of the spring and their respective arms. 

Fig. 4 shows the curve of two similar springs of different lengtha 
similarly loaded. AC represents the curve when the length Is double 
that of AE. Suppose we divide AE In a number of email parts and 
call these elements, and divide AO Into the same number of parta; 
each of these will contain two elements, that Is, for each element of AB 
there will be two corresponding elementa of AO, and the distance of 
any two such elements from the end of the spring will be twice the 
distance of the corresponding element of AE from E. That is, the arm 
and the moment of bending of any two elements of AO will be twice 
the arm and moment of bending of tbe corresimndlng element of AE. 
The deflection of spring AC will therefore be 2x2x2 = 2' = 8 
times the deSection of spring AB. If the deflection of spring AE Is 
% inch, the deflection of spring AC will be 2" X % = 3 inches. If 
the deflection of AE Is IV*. inch, the deflection of AC will be 2* X Hi = 
10 inches, provided it la strong enough to carry the load. 

If spriag AC had been three times as long aa AE there would, for 
each element of AE, be three corresponding elementa of AO, and the 
moment of bending of any such group of elements would be three 
times the moment of bending of the corresponding single element of 
AS, and the distance of any group of three elements of AO from C 
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would t>e three times tbe correepondlng distance on AB; we should, 
therefore, in this case have a deflection at the free end ot AC = 3' ^ 
27 times the corresponding deflection of A.E. If In thia case the de- 
flecUon of AE were ^ Inch, the deflection of AC would be 3* X U Inch 
= 6% Inches. It the length ot AC were 1^ times tlie length of AB, we 

E7 
should have the deflection ot AC = HW X % inch = Inch. 

32 
In general, the deflection at the end Is proportional to the third 
power ot the length of the spring. The amount of deflection can be 
expressed by the formula aP, in which I is the length and a is a factor 
dependent on the load, width, thickness and -material ot the spring. 
If we double the width, the bending moment tor each element ot the 
width will be halved, and the deflection will consequently be half ot 



that ot the narrower spring. It we double the thlcknese of the spring, 
its area of cross-section Is doubled, as Is also the average distance of 
the flbers from the neutral axis, and besides for a given curvature or 
deflection the outer flbers will be stretched twice as much and will 
therefore offer twice the resistance (see Fig. 2). The total resisting 
moment is therefore Increased 2x2x2^ 2* = 8 times, or, in gen- 
eral, the moment of resistance Is proportional to the third power of 
the thickness, and the deflection will be inversely proportional to this. 
It, tor Instance, we double the thickness and double the length of a 
flat spring, the deflection will remain the same for the same load. The 
deflection will also be directly proportional to the load. 

It should be observed that we have here the moment ot resistance 
In its general sense, that Is, without any restriction in regard to the 
fiber stress. 11 we Impose the condition that the fibers shall be 
stretched to a certain extent, as In the formula tor strength, we have, 
In that case, the thickness squared in the moment ot resistance, and it 
should be remembered that this is only In the formula tor strength. 

We are now atle to calculate the deflection of any flat spring it we 
know the deflection of any other flat spring of the same material. 
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Let / = deBection of tlie free end 
the ttUcknesi, t = the lengtli, w = 
depending on the material, then. 



Suppose we have a spring 1^ inch vide, 1/16 inch thick and IS 
Inches long, and And that It deflects 4^ inches under a load of 10 
pounds, then we taave^ 

10 X la* 

*% = 

fc X IH X (1/16)' 

from which we deduce fc = 10,600,000. 

Suppose we have a spring 1 Inch wide, % inch thick, 12 inches long 
and a load of £5 pounds at the end ot It. If this spring Is made of 
beat high carbon steel, properly tempered, we may use the constant 
factor, 20,500, in the formula for carrying capacity, and have the 
greatest permissible moment of resistance = 20,600 X (1/S)' = 3S0.S, 
and tlie moment ot bending ^12 x 25 ^ 300. Twenty-flve pounds Is 
therefore a sale load on this spring. For k = 10,640,000 we have the 
26 X 13' 

deflection ^ = 8^ inches. A spring H 

10,600,000 XI X («)' 
Inch thick will carry tour tlmee as great a load as one 1/16 Inch thick, 
and the deflection under this load will only be one-half ot that of the 
thinner spring; or generally, for the same fiber ttrett and the same 
t length, the deflection will be Inversely proportional to the thickness. 

It is an easy matter to And the deflection of a spring by actual trial 
and then obtain the correct value of the constant k by calculation, aa 
here explained; but the thickness ot the spring must be very carefully 
measured, for It will be observed that a small variation In the thick- 
neee has a great effect on the deflection, and particularly bo It thin 
eprlngB are used. If, for instance, the deflection of a spring 1/lS inch 
thick Is 4 Inches, then the deflection of a similar spring which is 
1/100 Inch thicker will only be two inches for the same load. 
The Modulus orEloatldty 

The deflection may also be found if the "modulus of elasticity" ot 
the material Is known. The modulus of elasticity is the ratio ot a di- 
rect pulling force to the extension per unit of length of a rod ot 1 
square Inch sectional area. The extension must be within the elasUc 
limit ot the material, and is a very smalt quantity which can only be 
found by very careful measurement In a testing machine, but as It is 
obtained by a straight pull, it cannot furnish so trustworthy a con- 
stant for the calculation ot bending deflection as that obtained by the 
method Just explained. If a steel bar 1 inch square and 10 Inches long 
la stretched one-hundredth of an Inch by a pull ot 30,000 pounds, tSie 
modulus of elasticity Is 30,000 -;- 0.001 = 30,000,000 which is the 
approximately correct figure for unhardened steel. For hardened tool 
steel It le about 42,600,000 according to Reuleaux. The tensile strength 
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of different steels varleB considerably. The strengtb of high carbon 
steel Is greatly Increased by hardening. The so-called spring steel is 
probably more elastic, but less strong, and it Is doubtful whether hard- 
ening changes its elasticity, while it no doubt Increases the elastic limit 
and the tensile strength; but no spring steel can compare In strength 
with high-grade high carbon crucible tool steel, properly tempered. 
The allowable fiber stress depends to a great extent on the treatment 
of the steel; it may. according to Reuleaux, exceed 240,000 pounds per 
square inch at the elastic limit In the formula for carrying capacity, 
the factor c should be one-sixth of the allowable fiber stress, and In 




tUe formula for deSectlon of a fiat spring of even thickness and width 
the factor fe should be one-fourth of the modulus of elasticity. The al- 
lowable fiber stress. Is. of course, always less than the elastic limit 
Springs of Uniform Strene^h 

A Single steel band of even tlilclineBa and width does not always 
make a desirable spring, for if It is made Just strong enough at its 
base, It will be stronger tlian necessary at other points, and the deflec- 
tion at the free end will be less than if every part of the spring were 
equally strong — that is, if the fiber stress were uniform throughout the 
entire length. The spring shown In Ftg. 6 Is of nearly correct form; 
It Is of even thickness and the edges converge nearly to a point. 

It is obvious that. In practice, the end must be made a little blunt 
but If it were continued to a sharp point It will be seen that the width 
would be at any point of the length, proportional to the arm of leverage ; 



10 No. 5S—SPRINGS 

the radiua of curvAture would, tberetore, be tbe same at any point — tbat 
Is, tbe eprlng vould bend to tba arc of a circle. Tbe Btreugth Is the 
aame aa that of a spring wltb parallel sides, but tbe deflection at the 
end wilt be one-hatf greater, and In tbe formula for deflection the fac- 
tor k becomes two-thirds of that for parallel sides. Let the triangular 
spring be 2 Inches wide at the base, 10 inches long, 1/16 Incb thick, 
and made of high carbon steel, hardened, then, 
2 X 20,500 

— — — — = 16 pounds 

le'X 10 
is a safe load, and tbe deflection for this load is 
16 X 10" X 16' 



= 411/16 Inchee. 



7,000.000 > 

The factor 7,000,000 Is here one-sixth of the supposed modulus of 
elasticity. All that has been said about springs with parallel sides is 



I 



also applicable to triangular springs, with the exception of the foi^ 
of the curve and the factor k In the formula for deflection. 

Built-up Leaf Springs 
To get the most work out of a spring of gWen length or weight. It 
will often be found advantageous to use thin wide springe instead of 
thicker narrow ones, for it will be noticed that it is only the outside 
fibers which can be fully stretched or compressed, while ail the others 
win be less useful Id proportion to their proxlmitr to the neutral axis. 
Instead of one broad triangular spring we may use a number of parallel 
springs, one on top of the other, as shown In Fig. 6. Each leaf or 
plate of this spring will be bent nearly to the same curve, and the de- 
flection will be nearly equal to tbat of a triangular spring with a base 
equal to the collective width of all the leavea. Fig. 7 ehows the leaves 
In the same plane laid side by aide, and the dotted lines show the ap- 
proximate slie of the equivalent triangular spring. Suppose there be 
flve leaves of tempered spring steel 2 Inches wide and % Inch thick, 
and let the working length of the main leaf be IS inches; also suppose 
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that the safe vorklng fiber Btrees for this spriog is 96,000 poands per 
square Inch; then ve may, in the formula for strength, put 
96,000 

factor c= ■ — — = 16,000, 

6 
and the safe moment of resistance becomes 5 X 2 X i%)' X 16,000 = 
22,600, which, divided by 18 gives 1250 pounds aa a safe working load 
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OQ the end of the aprlug. Let the modulus of elasticity be 30,000,000, 
then we may In this case put fe = 5,000,400, and the deflection equals 
1260 X 18' 

=2% inches. 

6,000,000 X 10 X (H)' 
The factor 10 In the denominator Is the total sum of the width of 
the leaves. 



It should be remarked that the deflection of such springs may vary 
considerably from that of the supposed equivalent triangular spring, 
and to get fairly correct results the factor k should be obtained by 
actual trial, and not from the supposed modulus of elasticity. 

Fig. 8 represents a steel plate supported at both ends and a load P 
applied at the center. The upward pressure or reaction of each sup- 
port la U P, and It will readily be seen that the deflection of this 
spring must be exactly as If It had been supported at the center and 
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loaded wltb % P at each end; that la, the moment of bending at the 

center Is % Pi. 

Fig. 9 represents a so-called elliptic spring, of a type used on car- 
riages, automobiles and railroad cars. It is made of steel piates 4 
inches wide and % inch thlclc The distance between centers Is 30 
Inches, and there ace Qve plates In each part. The Tollowlng experi- 
mental data have been ascertained for this spring; light load ^ 2000 
pounds; maximum working load =z 7000 pounds; deflection due to a 
load of 5000 pounds ^= 3 Inches. Comparing this case with that repre- 
sented br Fig. 8, we take into account half of the ellipse only, and as- 
suming the band b to be 3 inches wide we have I = 13^ Inches,, and 
the moment of bending for maximum load = 13^ x 3500 = 4T,S60. 

46 
Iilomentof realstance^ 6 x 4 x (%)' X£= c. These two quanti- 
ties must be equal, therefore 47,260 ^ - 




value of c may correspond to a flber stress of 6 X 16,300 = 100,800 
pounds per square inch; but it would not be an absolutely safe assump- 
tion, for the theory of indirect molecular action Is not yet fully sub- 
stantiated by experimental data. The deflection of one-half of this 
spring is l>i Inch for EOOO pounds load; therefore: 
2500 X (13%)' 

1«=- 

*X20X (%)• 
that is. k = 3,383,000. Assuming the curve of deflection similar to 
that of a single triangular spring, we should have, approximately, the 
modulus of elasticity = 6 x 3,833,000 = 23,328,000, but thU Is prob- 
ably too low a figure. By using the constant factor 3,883,000, suffl- 
ciently accurate results would be obtained for similar springs ol simi- 
lar material. 

MlBCellaDeoua ClasssB of Sprln^rs 
The available space for a spring may determine Its shape and siie. 
A long straight spring cannot often be used. Fig. 10 shows a spring i 
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which may be useful In & limited Bpac«. It 1b supposed to be made ol 
s strip of high carbon crucible steel 1^ Inch vide and 1/16 Inch thick, 
and to be spring tempered. The moment of resistance Is X*A X 
(1/16)' X c, where c 1b supposed to be one-sixth of the allowable fiber 
stress per square inch, or the allowable unit-stress. For c =: 15,000 
we have the moment of resistance =: SS. At A the lever arm Is 4 

SS 
Inches, and the permteslble load at B Ib therefore about ^ 22 

4 
pounds. The moment of bending varies directly as the distance from 
S; at B and F It Ib 2 x 22 = 44 Inch-pounda. If we Imagine the 
spring divided Into a number of small parts or elements, there will, tor 
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each of these, be a small deflection at B proportional to the square of 
Its perpendicular distance from B. The horizontal deflection at F will 
be as If that element had been at O. But as the curve of the spring Is 
longer than the straight line from A to B, and has a correspondingly 
greater number of elements, the entire horizontal deflection at B will 
be greater than that of a straight spring fixed at A. For a modulus of 
elasticity of 42,000,000, the deflection at B Is about I14 Inch, or about 
three times the deflection of a straight spring 4 Inches long. A similar 
spring of the same thickness and width, but twice as large, would only 
carry 11 pounds, but it would deflect 2' x IH = ^ Inches under that 
load. Generally, for the same thickness and same unit stress the bend- 
ing deflection of similar springs of this type varies as the square of 
their lengths. 

It will be noticed that the bending moment for different parts of this 
spring varies considerably, while the moment of reslstAnce Ib constant. 

.ogle 
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At A. tbe lever arm Is greatest and the unit stress Is there at the safe 
limit, but at other points the spring will be stlQer than necessary; we 
may therefore improve It by varying the width In proportion to the 
bending moments; for then the same unit stress Is obtained at any 
point of the length, whereby the deflection is Increased without reduc- 
ing tbe strength. Fig. 11 shows the spring when straightened out and 
shaped BO as to give a nearly constant unit stress. This will make the 
deflection at B about one-thtrd greater. 

A great deal of potential energy may be stored in a small space by 
colling a strip of steel like the main spring of a watch. If the ends 
are fixed and guided concentrically, the moment of bending will be con- 
stant for the whole length; and as the spring can be very long. It may 
be very efflclent In a limited space. Pig. 12 represents a spring of this 
kind. Ijet W = bending force at end of the lever, R = length of lever, 
8 := unit stress, It = width and t =: thickness of spring; then 



If the spring be made of 1 x H Inch spring steel and the length of 

the lever is 6 inches and the unit stress Is 96,000 pounds, then, 

96,000 X (16)' 

Wi= ^12 pounds, nearly. 

6X6 
Let 1 = length of spring, B = modulus of elasticity, and F = deflec- 
tion or length of arc described by the end of the lever; then, 
IZIWB" 
F = 

£^28,000,000 and I = EG inches gives 

12 X 66 X 43 X 6' 

F= = n% inches. 

28,000,000 X iMi)' 
Hence the lever turns nearly one-half of a revolution. This result 
may be found more directly from the formula 
Bl 
nEt 
where (7 Is the deflection expressed In revolutions and t =^ 3.1416. By 
substitution as above, 

96,000 X 66 X S 

V — = 0.49, 

IT X 28,000,000 
or nearly one-half revolution, which agrees with the former result 
From this formula It appears that the deflection tor a given unit stress 
varies directly as the length and Inversely as the thickness, and Is 
Independent of the width of the spring. If we had this spring 1/lS 
inch thick, the lever could be turned neu-ty a whole revolution, but 
the force would be only 10^ pounds. If we then had twice as many 
turns in the spiral, the lever would turn nearly two revolutions before 

.ogle 
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tbe limit ol Btreae would be reached. Such springe ms; also be useful 
when a nearly constant pressure through a shorter motion Is desired, 
for this can be obtained by a considerable Initial deflection. The 
great effldency of watch springs Is due to the high elastic limit and 
careful treatment of the steel. 

It la sometimes preferable to coil the spring In a acrew-llne, as 
shown in Fig. 13. As In the former case, the motion Is supposed to be 
about a fixed center, and the same formulas may be used In both cases. 
Let there be 72 Inches of H Inch square spring steel, and let the lever 
be 3 Inches long, then. 

96,000 X (i4)'X M 
W = ^83 pounds. 



We have further for this spring 

96,000 X 72 X 4 



X X 28,000,000 
or about G/16 of <Hie revolution of the lever, which is the maximum al- 
lowable motion tor a unit stress of 96,000 pounds. 

8wf Be 

For round ateel W^ = 

32 B 

ia made of U-lnch round steel, then, 
96,0DO 

■(P__ —.go pounds. 

10 X 3 X 4' 
Round steel has only 3/5 of the strength ol square steel of the same 
dlamet«r under bending action, but the value of O is the same In both 
caaea. 

The -various springs treated of here are all of uniform thickness 
throughout their entire length. Qood results may also be obtained by 
varying the thickness ot a spring so as to correspond with a variable 
bending moment; but as such springs cannot be rolled to shape and 



16 



No. sS— SPRINGS 



can only receive tie correct staaps by skillful hand work, they are used 
very little. The forging down of the ends ot flat springs Is a simple 
matter and Is often done. It improves the appearance ot leaf Bprlngs 
and is preferable to blunt ends. 

Torsional Spring-s 

What really happens to the molecules of a bar when It Is twisted 
within the elagtlo limit le a matter of conjecture, but all formulas tor 
strength and deflection of torsional springs are baaed upon the assump- 
tion that the molecules receive a sort of lateral or sliding displace- 
ment, as if subjected to a shearing action. Whether or not this as- 
sumption Is correct, It Is certainly supported by experimental results. 
It Is, for Instance, known that the angle of deflection is directly pro- 
portional to the twisting force, which fact would hardly agree with 
other theories. 

Fig. 16 represents a cross-section of a steel rod divided Into a num- 
ber of Imaginary concentric rings of equal thickness. The torsional 





strength of this rod depends on the resistance to shearing of the rings 
and on their respective distances from the center, which are their 
leverages of resistance. Ring a is twice as large as ring b and is 
twice as far removed from the center, and offerB, therefore, 2x2^ 
2' = 4 times the resistance to a twisting force. Suppose we liave an- 
other rod twice as large In diameter, and divided It Into the same 
number of rings, then each ring will be twice as thick, twice as long 
and twice as far removed from the center as the corresponding ring 
of the flrst rod; the torsional resistance will, therefore, be 2 x 2 X 2 
^ 2' ^ S times that ot the first rod, provided the resistance per unit 
area is the same In both cases. In other words, by increasing the di- 
ameter of the rod we Increase Imth the thickness, length and leverage 
of resistance ot the rings in the same proportion. The torsional 
strength, therefore. Is proportional to the third power of the diameter. 
The formulas for torsional strength are. 



Por round bars RW^ — 



-Zi? = 



- Zd', nearly. 



(1) 



For square hars B'W = 
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In wUch W ^ twlfltlns lores Is pounds, 
R ^ lever arm In Inches, 

Z ^shearing unit Btreea of outside ring. In pounds, 

i = diameter or size of bar, in inchea. 

For tool Bteel we may put Z = 80,000 pounds, and the moment of 

resiBtance of round steel = 1/5 X 80,000 d* ^ 16,000 d*. This gtvea 

tor a ^-Inch rod, the safe moment of resistance = (^)* X 16,000 = 

2000. If we twist the rod with a O-lnch lever, the safe load on the 

2000 
end of the lever = ^ 333 pounds. A %'inch rod would carry 

1 the end of a 6-lncb lever. It will be 

6 
noticed that a small Increase of diameter greatly Increases ttae strength, 
and that square steel will carry about one-fourth more than round 
steel of the same diameter. 

We will now consider ttae torsional deBectlon. Ffg. 14 is an end 
view or section of a twisted steel rod, r and r" are Imaginary radial 
lines, and r Is supposed to be In a plane above r' and Is supposed to 
have Just covered r' before the rod was twisted, that Is, a small par- 
ticle directly over r' Is moved horizontally a distance r'r through an 
angle v. Fig. 16 Is an elevation ot part of the rod where the dotted 
lines Indicate the twisting of the surface much exaggerated. The 
planes ot r and r* are supposed to be 1 Inch apart and rp represents 
the transverse displacement of a small particle originally at p. The 
maximum unit stress In each transverse section of the rod Is supposed 
to be equal to the product of this displacement and a certain constant 
multiplier. Tf the material be tool steel and Z = 80,000, the distance 
pr Is about 1/150 Inch. It varies directly as Z, and Is Independent ot 
the diameter of tne rod. The multiplier is In this case 12,000.000, 
which, according to our hypothesis. Is a constant lor tool steel. It is 
a purely hypothetical quantity, which bears no rational relation to 
the modulus of elasticity of the material, but we may call It the tor- 
sional modulus of elasticity, because it takes the same place in the cal- 
culation of torsional deflection as the modulus of elasticity takes in the 
calculation ot bending deflection. It will be seen that a rectangular 
area In the surface of the rod becomes a rhomboid when the rod is 
twisted. Area rr'ba Is a rhomboid, or deformed rectangle; suppoae 
that pr" represents the unit of length, and let distance pr be the dis- 
placement caused for a torsional unit stress of one pound at the aur- 
face of the rod, then this displacement becomes the modulus or meas- 
ure of deformation, which is the reciprocal of the torsional modulus of 
elasticity; but It will be readily Inferred that such deformation does 
not produce a lateral or snearing stress, as if the surface had been 
stretched lengthwise of the rod a distance equal to pr, and that the 
torsional modulus of elasticity must be considerably less than the 
modulus of elasticity for bending. We have seen that for a given 
maximum unit stress Z, the moment of torsional resistance varies as 
the third power of the diameter; but without this limitation ot stress 
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tbe mean unit Btress for any given angular deflection varies directly 
as the diameter of tbe rod, and under this condition the moment of 
resistance, therefore, becomes proportional to the fouirtli power of the 
diameter; and the deflection will be Inversely proportional to thia. 
That the entire angle of deflection must be proportional to the length 
of the rod requlrea no demonstration. It Is also directly proportional 
to the load. 
The following are convenient formulas for torsional deflection: 

f szwifi mwsfi 

, nearly. (8) 



For round steel i 



For square steel i 



2Zm 



aa 



(4) 



(8)- 



In wbtch F =^ linear deflection at end of lever, 

W =^ twisting force at end of lever, 

B = length of lever, 
1 = length of rod, 

(3 =3 torsional modulus of elasticity, 

Z ^ unit shearing etreEs In periphery of cross-sectton, 

d= diameter of rod. 
For spring steel O = 12,000,000 is a nearly correct mean value. The 
proper value of Z depends on the working conditions. A spring that 
is continually working should be strained leas than one whose action 
is Intermittent or Irregular; and It should be observed that shearing 
resistance at the elastic limit Is somewhat less than tensile strength 
at the same limit. Z = 80,000 is probably not too much, unless the 
spring Is continually working to its full capacity. But when tbe con- 
struction and circumstances are such as to admit of a lower streaa. 
It is always preferable. 

As a simple example of torsional springs, take a rod of ^-Inch 
round steel 3 feet long, fixed solidly at one end, and the Other end so 
guided as to prevent lateral motion, and let there be a 64nch lever 
keyed to this end. How much will it be sate to load the end of the lever 
It the rod is twisted 100 times a minute? The rod Is not supposed to 
be hardened, and though Its ultimate strength la considerable, the 
elastic limit Is comparatively low. Let Z =: 30,000 and E =i 12,000,000. 
Then, substituting in Formula (1) we have: 

6000 1000 

6 1^ = 1/5 X 30,000 X (W)' = .and W = = 125 pounds 

8 8 

which is the admissible' force on the end of the lever. The deflection for 
this force can easily be found from Formula (4), because the value of , 
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Z ia known. We have 

Z X 30,000 X 36 X6 > 



is,ooo,oo 



= 2.16 Inches. 



If tblB rod were of hardened steel we might put Z = 70,000, and 
would then have W = 126 X 7/3 ^ 2S3 pounds, and F = 2.16 x 7/3 ^ 
6.04 Inches. 

Steel used for springs should have a high elastic limit and prefer- 
ably a low modulus of elastlcltr, for the deflection te proportional to 

Z 
the quotient — and the greater efficiency of torsional springs Is due to 


the smaller modulus of elasticity, as compared with that of bending. 
For the same unit stress at the surface of the rod the angular deflec- 
tion will vary inversely as the diameter, which Is an Important rule 
easy to remember. But for the same load and varying diameters the 
deflection varies inversely as the fourth power of the diameter. The 
torsional deflection of a K-inch rod, for instance, would only be about 
2/6 of that of a ^-inch rod under the same load. 

Helical Springs 

The rod would in many cases have to be very long to give the de- 
sired deflection, and a straight rod would therefore often be Imprac- 
ticable; but fortunately It can be bent bo as to make a comparatively 
short spring, easy to make and easy to harden. This Is obtained by 
bending it in ths form of a cylindrical helix, or screw-line, as shown 
in Figs. 17 and 18. One of these springs will be compressed and the 
other will be stretched, but the former may, by a slight change In the 
connections, be used both ways. These are true torsional springs, 
though it may not appear so at flrst sight. The following analogous 
case will explain it. B^g. 19 shows an open ring of steel wire firmly 
fixed and supported at A, and a radial lever firmly attached to the 
free end at B. A pressure exerted on this lever at the center of the 
ring perpendicular to its plane will twist the wire while it pushes 
point B back. This will be better understood by reference to the bent 
wire, Bhovm In the dotted Hue. At a point N is drawn a tangent and 
from C a perpendicular CM. There will be a bending moment at N 
represented by line Sllf and a twisting moment represented by line 
Oil; but when the curve becomes a circle with center at C the bend- 
ing moment disappears and there Is nothing but a twisting moment 
left, and this twisting moment Is constant for any part of the concen- 
tric ring. We see that when the rod Is colled, the twisting lever Is 
equal to the mean radius, and the deflection will be In line with the 
axis of the helix. The helical form Is compact, and the weight of a 
helical spring of round steel Is only about 6/12 of that of a leaf spring 
of the same capacity. 

In the following are given a number of formulas for helical springs. 
Calculated values based on these formulas are given In Machimbt's 
Data Sheet No. 107, January, 1909. 
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Tbe following formulas appl; to bellcal Bprlnss: 
40 Zd* 



For round steel 



314 Z iD — d)' 



For square steel - 



I 



*•=:- 



100 (D — d) 
41W W — d)' 

10 Od' 
222 Z (.D — d)' 



tia) 



100 Od 

Id tbeee formulae F is the deflection or one colt, and D Ib the outside 
diameter of tbe coll, and the meaning of tbe other letters is the same 
as in Formulas (1) to (S). It appears from these formulas that 
square steel Is about 17 per cent stronger than round steel, but for tbs 
same unit stress the deflection of square steel Is about 30 per cent 
less. Round steel Is, therefore, better adapted to helical springs. 
This ma; easily be perceived without any calculation, considering that 
when square steel is twisted, the corners cannot add very much to tbe 
strength on account of tbe smallness of their areas, which terminate 
In four points; but these points, being furthest removed from tbe cen- 
ter, will take the greatest strain, and will limit tbe angle of deflection 
as much as a full circle including tbe points, would do. 

Fig. 18 sbowB a car spring of. say, 1-incb round steet, 5 Incbes out- 
side diameter. How much will it carry? It must not close under the 
maximum static load, but It may close entirely by the Jolting of tbe 
car, and we will therefore put Z ^= 50,000 pounds tor the maximum 
static load, assuming, the elastic limit to be above 100,000 pounds unit 
stress. Substituting these values In Formula (7) we liave: 
40 X BO.OOO 

W^ ^5000 pounds, 

100 X 4 
and assuming Z ^ 100,000 pounds when the spring is entirely closed, 
we have from Formula (9) : 

314 X 100,000 X 16 

?■ = = 7/16 inch, nearly. 

100 X 12,000,000 
That is, tbe coils should be 7/16 Inch apart without load, and they 
will be 7/32 Inch apart under maximum load. 

The spring in Fig. 17 Is, say, 3 Inches In diameter and is made of %- 
inch round steel, and there are 24 colls. How much may this tprlng be 
extended If used on a shaft governor? As its work is Intermittent, 
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T put Z = 70,000, and 



100 X 12.000,000 X W 
vbich la tbe allowalile deflection of one coll, and 0.Z3 x 24 ^ SM 
Inches la, therelore, the a&re extension of this spring. From Formula 
(7) we find the maximum load to be 1400 pounds. Closed coil aprlnga, 
as repreaented hy Fig. 17, are sometimes dlstlnsuUhed by a consider- 
able Initial tension; that is, it takes some Initial force to separate the 
colls, and the elongation cannot be calculated from the above formulas. 
The probablUttea are that ther are made from cold rolled wire, un- 




tempered, for the Initial tension would be ramoved by the proceas of 
tempering. Such springs are easily dlatlngulshable by their resist- 
ance to bending before they are stretched. 

It win be noticed that in the calculatlona of springs the supposed 
elastic limit ia approached closer than would be Judicious In the cal- 
culation of other machine parts; but the results agree with the average 
common practice, and there are several reasona why this Is so. In the 
flrat place, springs are made of tool st«el of moderate dimensions, 
which is a moat reliable material. In the second place, the form Is 
such that no part can be subjected to unexpected or unaccountable 
strains, and on account of their great elasticity springs do not suffer 
materially by shocks or blows. 

TbOTe seems to be considerable uncertainty or lack of knowledge as 
to the proper modulus of elasticity of hardened steel. The compara- 
tively small demand for such knowledge except for the calculation of 
. springs ia a probable reason tor ita scarcity. According to various 
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testa, the modulus of elcatlcltj ot untempered steel Is troni 2S,OCO,000 
to 32,000,000, and It appears from calculations of bending and twisting 
deflection of ordinary sfiringB that the modulus of elasticlt; Is not In- 
creased br tempering. Still It will hardly do to overlook the figures 
given b7 Beuleaux, which appear In his "Constructor." Els figures for 
the elastic limit and ultimate tenalle strength are also Interesting. Id 
the heading, he states that the figures are mean values ot numerous 
ezperimeuts bj varfous experimenters on materials of different make, 
and in actual use. 

Ultimate 



Spring steel, tempered.. 



Tool steel, untempered 

Tool steel, spring tempered. . . 







StroiKih, 


llodnlnB of 


BUstlc 


S^™r/lS3. 




Limit 


.2M40,000 


71,000 to 
99,G0O 


113,700 


.28,440,000 


86,600 


118,700 


.42,600,000 


92,000 to 


148,000 
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THE DESIGN OF HEAVY HELICAL SPRINGS' 

A spring; 1b usually specified by three dimensions, altltougb some 
speciflcatlona complete the dealgn bj & fourth. The dlmenslona ueually 
Elven are the outside diameter, tree height, and diameter of bar. Tlie 
fourth dimension, the solid height. Is not generally given, bo tliat the 
actual design of the spring Is really left to t^e manufacturer. In 
some cases the number of coils or "rings" is specified, but this should 
never be done, as a tapered coll may be considered by one as a full coll 
and by another as a partial coil, thus causing confusion. 

InveBtigation of such formulas as are found in the general text- 
books, hand-books, and books of reference. Indicates the need of more 
direct formulas to facilitate the design of springs. It is the writer's 
intention to present the derivation of such formulaB with parallel ex- 
amples, showing the ease ot application. For this purpose we adopt 
the following notation: 

d ^ diameter of bar, 

D ^mean diameter of coll, 
/ ^ total deflection, 

h = solid height, 

ff =free height. 

L ^ blunt length of bar, 

W = weight of bar, or spring, 

P = capacity of coll, 

P, =any load lees than capacity, 

h, = height of coll under load P„ 

B = maximum fiber stress, 

O = torsional modulus, 

w> ^weight of steel per cubic Inch. 

Only round bar colls will be considered. 

I. length of Bar when Solid Height la Qlven 
L 
Total number of coilB:= . 



Total number ot colls = 
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Kxample: Outside diameter = i% inches, 
Bar = 7/18 inch, 
Solid height = 10 inchea. 

= 3.1416 X I 1 X 10 = 282.74 Inches. 



<(f)- 



II. Deflection when Solid Eelg-tit 1b Olven 
Fundamentally, as given In most text-books, 
hD8 



Or, for steel springs. 



: 0.0199461 — I ft 



Example: Outside diameter ^ 4^ Inches, 
Diameter of tuu- = % inch, 
Soiid height = 10 inches. 



Or, (or steel springs. 



/= 0.0199461— I X 10 = 4.34 inches. 

III. Ratio between Free and Solid HelEbta 
H = h + f 

B = h-\ I— Ih 

a \dj 

r =1 1 + 0.019946 1 — J \h 



1 + 0.0199461 — 1 

^'*' Digitized byGOOtjIe 
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Example 1: Outside diameter ^ A Inches, 
Diameter of bar =i 1% inch, 
Free height — 13% Inches. 
Find BoUd height h. 
13.75 

= 10 Inches. 



1 + 0.019946 



er 



Bitatnple 2: Outside diameter ^ 7^ Inches, 
Diameter of bar ^ 1^ Inch, 
Solid height = 10 Inches. 
Find free height H. 

fl= I 1 + 0.019946 I — I I X 10 = 16.67 Inches. 
a only Free I 



IV. DeflectloD when only Free Height is Olven 



Or, for steel springs, 



B 



1 + 50.1337 1 



Bxampte: Outside diameter = 5^ Inches, 
Diameter of liar = 1% inch. 
Free height = 11% inches. 
11% 



ii 

he 



= 1% very nearly. 

1 + 50.i; 
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V. WelffHt when Solid Helffbt 1b Qlven 

Area of croaa section = . 



'(-:)' 



Hence, W= d D ft 

4 
For Bt«el Bprings, where one cubic foot of steel weighs 4 

W = 0.694 dDh. 
Example: Outside diameter = t% Inches, 
Diameter ot bar = 16/16 inch, 
Solid height = 10 inches. 
15 13 



w = 


= 0.694 X — X 2 — X 
16 16 


10 = 18.3 poundB. 


VI. 


Wlien Free and Solid Helerbts a 
to Datermlne StresB 


-a Qlven 




H 








-^ 


f)" 






(fl — A)0 


-(!)■ 






-^^ 


I)' 






SB, 

S = 4,010,700 — 
h 


(^' 





Example: Outside diameter ^ 4^ Inchea, 
Diameter of bar = ^ inch. 
Free height = 22% Inches, 
Solid height = 10 Inches. 
12.76 /0.6 

S = 4.010,700 X 

10 



I 1 = 80,000 poundB. 

^ ' ' ...Google 
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tA \Df 
Shlf 



For steel Bprtngs, 



Bxample: Oataide diameter r= 2% Inches, 
Diameter or bar = % Inch, 
Free height = 14^ Inches, 
Solid height = 10 inches. 

4.B X 0.6" 

P=l,575,000x = 1663 pounda. . 

10 X 2.37B' 

These last two formulas are very useful in ascertainlnK the stresses 
and loads ol the separate coils of double and triple coll springs. 

VIII. Oiveii Free Helcrnt, DlameCer or SpriiiK and Bar, and 

Load Carried at Olven Height. To Find 

Proper Solid Height 

P ~ 1 

a=t + h 

B=f, + h. 

Hence, A=/ + A — »i 

Then P (/ + ft — fc.) =PJ 

PJ—Pf + Phi 

Hence ft^ 

P 
P, — P 
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For steel sprinsa, 

A = - 
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1 + 0.018948 



m(l)' 



Bxamvie: Outeide diameter ^ gi^ Inches, 
Diameter of b&r := % inch. 
Free height = 18 inches. 
What eolld height fs required tor carrying 1395 pounds at 14 Incbea? 
Sid" 

P=:2790 pounds by tormula P^ . 

8D 
Then, 



3790—1896 V 

j- 0.0199461 



(2790—1896 V /4J\ • 
2790 Mi/ 



IX. To Determine the Quality of tbe Steel 

The value oC O is tbe Index to the iiuality at the st«el, and upon tUa 

value depend all properties of the spring. By transposing either the 

formula given in (Vll)for capacity, or that for load, we find a method 

for ascertaining this value, i. e 



V(l)' 



Example; Outside diameter ^4% Inches, 
Diameter of bar ^ 11/16 inch, 
Load ^ 1219 pounds, 
DeBection = 3.7 Inches, 
Solid height = 10 Inches. 

G = E X 1219 X = 12.600,000. 

3.7 X (H)' 
Oeneral Bemarka 
Concentric colls, as shown in Fig. 21, are made generally of the same 
free and solid heights. Presuming that such coils are all made of the 

D 
same quality of steel, the ratio of — should be the same throughout, 

d 
for tbe formula in (II) clearly shows that this is necessary to obUIn 
equal stresses In all coils. 
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D 
The formula Id (I) shows that after all values of — 'are made the 
d 
same, the lengths of all bars will be the BBme before tapering. A 

D 
study of all the formulas reveals the fact that the ratio of — ' det«r- 

d 
mines everything; this ratio might well be called the spring index. 



Pitt- SI- ConcBntTlc CoU BprlnffH for RAUroad C»r« 

The absolutely perfect design of concentric springs la seldom [losslble 
where a scale ol sixteenths inch tor dimenBlona is used, with tbe cus- 
tomary one-eighth inch between inside diameter of one spring and out- 
side diameter of the next. As cases of perfect design, however, the 
following springs are given as examples: 
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Sptinff No. 1 
Outer: 5 Incbea outside diameter, 15/16 Inch bar. 
Inner: 3 lnchee ontslde diameter, 9/16 inch bar. 

D 
In tbla design— =41/3. 
d 

Spring' No. a 
Outer: 2% Inches outside diameter, % Inch bar. 
Inner: 1% Inch outside diameter, y^ inch bar. 

D 
In this defllBn — = 6. 

d 
In concentric coil springs wliere perfect design Is impossible, the 
D 
coll having the least value ot — will be stressed the highest, as shown 



b7 the formula In (VI); this col! may therefore be called the govern- 
ing coll. Inasmuch as the motion, or deflection, of the spring as a 
whole depends upon this coil. To estimate the caitaclty of such con- 
centric coils we have recourse to the formula in (VII), while the form- 
ula in (VI) shows the separate streases. The load which the concen- 
tric spring will carry at any height Is then found by the fact that all 
loads are proportional to deflection. 

In actual design adjacent colls are wound In opposite directions to 
prevent binding, as shown In Fig. 21. Instead of using concentric 
colls, groups of similar colls are sometimes used which are held to- 
gether by pressed steel or cast spring-plates, as shown In Fig. 22. It 
is customary to suspend the static load at one-halt the deflection. 

A helical sprtng for railroad service is almost invariably made of 
round bar spring steel. The analysis of spring steel most frequently 
used Is known as P. R. R. analysis, and its composition Is as follows: 
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Carbon, 1.0 per c«nt (not under 0.90 per cent) ; phoapboroua, 0.06 per 
cent (not over O.OT per cent); nutngftnese, 0.25 per cent (not over 0^0 
per cent); allicou, not over 0.10 per cent; sulphur, not over 0.03 per 
cent 

For cpriug steel of tbls character the maximum fiber atresa should 
not be over 80,000 pounds per square Inch, and the torsional modulni 
should be taken as 13,800,000 pounds. 
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THE DESIGN OP^ELLIPTIC SPRINGS" 

It la doubtful if scientific calculations ever entered tnto the design 
oC the original forms of such springs as are used under ordinary road 
carriages. Satisfactory as they are, they are not engineering results, 
but accepted standards born long ago of the cut-and-try methods of tbe 
blacksmith shop. Their manufacture belongs to such arts as are 
taught by fatber to son, or acquired through years of experience, dur- 
ing which have been gatliered the "tricks of the trade." The manu- 
facturer of this class of springs does not attempt to arrive at results 
by mathematics. He has learned as a part of his trade that certain 
styles of carriages should Iiave certain springs. 

Sufficient time did not exist during tbe development ol railroad cars 
for a gradual development of definite types of springs for various types 
of cars. It devolved, therefore, upon the engineer to design these 
springe; but as soon as tbe spring maker found that tbe 70,000-, 80,000-, 
and 100,000-pound capacity car each bad its own peculiar set of springs, 
and that any car could be fitted with springs according to Its capacity, 
he adopted the engineer's designs as another class of standards. Rail- 
road cars, while resting on springs whose dimensions were originally 
Bcientiflcally estimated, are now, therefore, suspended largely upon 
springs belonging to a few fixed classes. 

With the advent of the automobile came a carriage traveling fast 
over uneven country roads, meeting severe usage In Inexperienced 
han^.and domanding tie extreme of comtort and safety. The ques- 
tion of springs and spring suspension thus becomes of primary Import- 
ance, so that in these carriages each particular design requires a spe- 
cially designed suspension. Automobile springs are fundamentally 
cantilevers, 'the same as all leaf springs. This class of springs more 
readily lends Itself to an easy vibration, as well as to a better general 
design of the machine. It is possible to carry a load on a narrow- 
leafed elliptic leaf spring where there would not be foom for a helical 
spring. Also, tbe addition of a leaf to an elliptic leaf spring adds to 
Its capacity without changing Its deflection, while the addition of a 
coll to a helical spring does not change its cajiacity but adds to Its de- 
flection. 

Any leaf spring, tightly banded around tbe middle, should be con- 
sidered as composed of two cantilevers of length I, where 1 Is one-halt 
the distance from center to center of the end bearings less one-half the 
width of the band. The length of each cantilever is then expressed 
(see Fig. 24): 
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To consider a spring as a simple beam of length c. Is to overlook the 
effect of the band. It Is easily demonstrated that variations In the 
width of the band cause corresponding variations in the strength and 
deflection of the spring. The elliptic spring, graduated throughout 
with but oTie leaf In each section extending from end bearing to end 
bearing, Is fundamentally a cantilever of jmiform Hrength; and the 
formulas applicable are based on the fundamental formulas of that 
type of cantilever. An elliptic spring with all leaves In each section 
extending from end bearing to end bearing Is, on the other hand, a 
cantilever of utiiform section, and the formulas for thla type of canti- 
lever are then applicable. 

The springs used In automobile practice are frequently comblna^ 
tlons of these two forms, inasmuch aa a considerable portion of the 
leaves extend the full length from bearing to bearing. It follows that 
neither of the above formulas will apply, but that the applicable form- 
ulas may be derived by combining the fundamental formulas for the 



two types of cantilevers. The load capacity of a cantilever Is not 
affected by Its form, for In either case: 



In which P = load, 

B = allowable stress, 
b = width of beam, 
h ^ thickness of beam, 
) = length of cantilever. 
In other words, the load capacity Is equal for like conditions, such as 
stress, size of beam, and length of span. 

A great difference exists, however. In the deflections under the same 
load, one being fifty per cent more than the other: 
4PP 
/^ , for uniform section cantilevers, 

6PP 
fs= _ for uniform strength cantilevers,* 

in which / = deflection, and E ^ modulus of elasticity- 

• Tb« formnlB given li ttiat (or a caDtDaveT of nnltonn ■treDgtb. wbere t&e 
belgbt h Is DDltorm, but tbe width of tbe aectlon of the csnUIevci decrauM 
towtrdB tbe outer end : b I* the width st the auitport. . 

,oglc 



ELLIPTIC SPRINGS 36 

Wben Bucb & difference ae tbls exists, it is rather remarkable that 
manr eaglneers calculate the properties of an elliptic Bprlug no matter 
what the cantilever conditions, as though all elliptic springs were sub- 
ject to the same rules and formulas; but, as a matter of fact, the pro- 
portion of back leaves, or the leaves on the longer side of the spring 
which commonly extends the full length, ranges from 6 to 60 per cent 
of the total number of leaves. It Is not unusual to see att«mpts made 
through actual tests of the springs themselves to find the proper con- 
stant with which to modify the uniform strength equations so as to 
render them applicable to springs composed of uniform section canti- 
levers In combination with uniform strength cantilevers. The de- 
sired modlQer, however, is a variable quantity, depending upon the 
relative size of the fundamental spring elements. 

Lack of due consideration of this combination of different cantilevers 
accounts also for the different and conflicting formulas which various 
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authorities advance. Thus Goodman, in "Mechanics Applied to Elngl- 
neerlDg"; Reuleaux, in his "Constructor"; and "Des Ingenleurs 
Taschenbuch" (Hiitte), give formulas all of which reduce to uniform 
strength cantilevers. Molesworth and the Automotor Pocket Book 
base their formulas on uniform section cantilevers. Henderson, who 
assumed all seml-elllptic springs to contain one-fourth full length 
leaves, and made an approximation of the result, was the first to recog- 
■aize the influence of the combination of cantilevers. 
Deduction of Oeneral Formulae 

For further consideration we will adopt the following notation, dis- 
cuseing only the semi-elllptlc spring: 

P =total load on epring, 

P, ^portion of load on one end of spring, 

P" := portion of load on one end of full-length leaves, or on uniform 
section cantilever, 

P" = portion of load on one end of graduated leaves, or on uniform 
strength cantilever. 
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I = total number of leaves. 

I' = number of fuU-length leaves, 

i'^ number of graduated leaves, 



8 =: maximum fiber stress In spring, 
8' = maximum fiber stress In full-length leaves, 
S"^ maximum fiber stress In graduated leaves. 
/ ^ total deflection of banded leaves, 
f ^ total deflection of fuIMength leaves If unbanded, 
/"^ total deflection of graduated leaves If unbanded, 
b ^vldth of leaves, 
h ^thickness of leaves, 
I ^ length of cantilever, 
L ^ net length of spring, i. e.. actual distance between end bearings, 

less wldtb of band, 
X ^proper initial space between fundamental cantilevers before 

banding. 
It Is but re&Bonable to assume that the maximum fiber strain 
should be the same In both fundamental parts, or 



In a well-designed spring there should be, at full load, a division of 
the work proportional to the respectlTe number of leaves In the two 
fundamental parte. The fundamental formulas of the two cantilevers 
have shown, however, that such proportional toads would produce dif- 
ferent deflections In their respective carriers. This difference In de- 
flection would cause a separation of the two portions of the spring 
were they Initially together and unbanded. Were they Initially to- 
gether and banded the result would be internal stress under load 
which would mean that a division of the load proportional to the re- 
spective number of leaves in the two fundamental parts could not exist. 

It is evident that by placing a space between the two fundamental 
parts when unloaded and unbanded, equal to the difference between 
the two deflections, there will result no space between the two funda- 
mental parts at full load; and hence if banded in this position there 
will be no Internal stress, so that the load on each part will be propor- 
tional to the number of leaves In that part. If then the load be re- 
moved, it follows that the band alone holds the two portions together . 
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and that tbere must exiat a reaultlng stress upon the band and leaves. 
Now 

iP'V 

r= (1) 



En"bh* 
But, as shown. 



B n" J> A" 



r-r= 

Bnb 
L 
~Z ' 
PL' 

i"—r= 

S£ni 
PL* 



This last expreaalon Is tben a general expression ol the proper In- 
itial distance between the two fundamental portions before banding, 
expressed In terms of total load on spring, total number of leaves In 
spring, and net span of spring. To find the actual working defiectlon 
of the entire spring It Is only neceaaary now to ascertain how much 
either portion U deflected by the process of bending. For this purpose 
let us adopt the following notation : 

P, ^ force exerted by band, 

/,' ^ deflection of full-length leaves caused by baud, 
/," ^ deflection of graduated leaves caused by band. 
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2 P. I' 




8P,J' 


En'bh 


E 


t n" 6 ft* 


P.I' 


/.' "■ /. 


„„., 


Bbh' 


2 


3 


U = 


^l^- 




/.■+. 


PP 




Bnbh' 




'.U^ 


ZL\„=- 


PI" 



\2 + rf Enbh> 



3P,P /"'■\ ^^ 

En'-bh' \a + r/ Enbh' 

3P.F / *'■ i ^^ 

5(1— r)n&h" \a + r/ Bn&h" 



Tbe expression Inside the bracket In the above equation becomes 

lero for sttber extreme value of r, as would be expected, tbe extreme 

T&lues of r being unity and zero. Tbe formula gives tbe force exerted 

by tbe band, i. e., the load upon the band. 

Tbe total deflection of the graduated leaves, as already developed, is, 

SPI" 

/" = 

Enbh' 

Tbe deflection of tbe graduated leaves, caused by the band. Is 



a + r/ . 



The difference is, therefore, the deflection left In the graduated 
leaves after banding, or the general formula sought for the deflection 
of such a spring: 

_obyGOOglC 



or, since 1= — and 



,..-,...= j a- (^U-^^ 

I i \2 + r/ ) Bnbh* 

Of, 

_/ 6 i , JT 
\2 + r/ Enbh' 

1 

HI f 
6 W 2Sn6ft'\ L' 
a+r/ \ »L f SEnbk* 



2(a + r) Sh 

This last expression ia then a general formula tor the deflection of 
all seml-elllptlc springs. If all the leaves are gradnated, r = 0, and 

/=1/4X . 

Eh 
If all the leaves are full length, r =: 1, and 
BL' 

f=l/6x . 

Ell 
As was to be expected, the spring composed of all graduated leaves 
has a deflection, according to the above general formula, BO per cent 
above that of a spring composed of all full-length leaves. For values 
of r above zero, the deflection will be found to decrease until r eauals 
unity. 

Oeneral Remarks 
The general formulas given above were first deduced b; the writer 
In the early part of 1906, at which time thef were placed before Prof. 
C. H. Benjamin,then of the Cose School of Applied Science, with a view 
of making extended experiments for the preparation ol a theelB. It 
was the intention to have springs built with initial space as deduced, 
and compare the actual deflections of such springs with the estimated 
deflections. Although these experiments were not carried out, they 
are mentioned because it is believed that when such experiments are 
made, they will prove valuable. The deduction of the formulas was 
published for the first time in Machiheby, in the January, 1910, 
issue, engineering edition. This deduction was made in connec- 
tion with certain sprlugs which were giving very poor service, al- 
though designed by the same formulas as other elliptic springs. It 
was the writer's conclusion that had the springs been built with the 
proper initial space between the fundamental parts, these springs 
would not have broken, and that the omission of this apace caused 
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an over-stress in the tull-length leaves, and an under-atrese' In the 
graduated leaves, TVhich caused the over -strained leaves to break, 
throwing an overload upon tie previously under-stressed leaves which 
also broke when the stress became eKcesaive. This conclusion aeems to 
explain why springs of this type are TrenueDtly found with only the 
long leaves broken; the remaining leaves, all being of one type, divide 
the resultant overload evenly so that the over-stress Is not so excessive. 
Perhaps the strongest indication of the correctness of the deduction 
lies In the well-known fact that the percentage o( breakage la always 
much greater with seml-elllptic springs (of the combination type, 
usually) than with full elliptic springs. Also, it Is generally found 
upon unhanding these springs that no Initial space exists. 



FIc. 2a Proat Sprlni ArrKnsemenC ot the IBIO Model 

Comparison ot deflections estimated trom the above formulae, with 
actual deflections, has in some cases been quite satisfactory, while In 
other cases the actual deflections have appeared closer to those esti- 
mated by uniform strength formulas. In such cases where the writer 
has been able to make comparisons, however, the springs had been 
made to specified deHections which evidently were estimated bji the 
uniform strength formulas. Experienced spring makers know that It 
is quite possible by putting a "pull" in the springs to vary the deflec- 
tion and load. This trade term, "pull," is Itself nothing more nor less 
than the Introduction of an Initial space between the leaves before 
banding. 

Suspension of Aucomoblles 

In road carriages, except in the heavier wagons, it is usual to find 
but two springs, one over each axle placed across the width ot the 
carnage. In automobiles, one finds almost invariably at least the 
rear suspended upon two springs running lengthwise of the car, while, 
OS Is shown in the accompanying Illustrations, it Is the tendency to 
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use the eame suapenslon in the front Such an arrangement takes up 
the forward and side lunges in a manner impoHBible with simple 
transverse Bprlnga. The further use of links and sbacklea, and of 
scroll ends, adds to the comfort, allowing the car to swing upon the 
springe rather tban to be thrown upon them. In quite a few models, 
the two rear springs are attached in front to the frame and In tbo 
rear to a platform spring, which 1b Itself attached to the Center of the 
rear cross member of the frame. The three-quarter elliptic spring 
lends itself to both comfort and convenience of arrangement, and Is 
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rapidly coming into general use in this country, our manufacturers 
having apparently adopted it from foreign cars. 

Steel Used in Automobile Springrs 
Automobile springs call for a high grade of steel, the ordinary 
spring steel lacking in strength and elasticity. Various grades of high 
carbon, silicon, manganese, nickel, chromluni, and vanadium steels are 
used. Often such alloys are used as alllco-manganese, chrome-nickel, 
and chrome- vanadium, tlie stiffening elements seeming to rank In the 
order given. Data as to the physical properties of such steels cannot 
well be given, as such properties must depend upon the proportions in 
the particular alloy used. Certain alloys of the vanadium group hav' 
leg an elastic limit of from 1SO,000 to 225,000 pounds per square inch, 
and tensile strength from 190,000 to 250,000 pounds, appear to be the 
most ideal steels yet produced. 

Calculations of Springs 

The calculation of spring properties by formulas is long and tedious. 

The writer appends, therefore, a table based on a modulus of elasticity 
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ot 25,400,000 aod B fiber Btresa under m&ilmuni saFe loftd of 80,000 
pounds per square Incb. Calculationa of springs made of materiala 
having otlier physical properties are made by simple proportion. Thla 
table Is to be used oolr when all leaves are fully graduated. 

The safe load on one leaf one Inch wide Is found by dividing tbe 
conetaat given under P„ by the net lengtb. The corresponding deflec- 
tion- 1b found by multiplying the constant given under /„ by tba square 
of the net length. 

Example: Wbat is the safe load on a seml-elllptic full graduated ' 
spring of Ave leaves if of one-quarter by two Inch steel; length between 
end bearings, thlrty-aix Inches; band or seat, three Inches? 

Net length = 36 — 3 = 33 Inches. 

3333.33 

Load on one leaf one inch wide ^ ^ 141.01 pounds. 

S3 

BHMI-BLLIPTia 8PBIMO XABLI 

Crving tain load and deflection Far 1 inch wide leavei, 1 inch net tenfU). 

Used oqly wbeo >U toaves ar* tally Kradoatcd 
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Load on one leaf two Inches wide = 2 X 101.01 = 202.02 pouuda. 
Load on five two-Inch leaves = 5 X 202.02 = 1010.10 pounds. 
' Corresponding deflection Is: 

0.00316 X (33)' = 3.43 Inches. 
Formulas can easily be deduced making It possible to use the ac- 
companying table for other classes of elliptic sprlnga thAn those of 
the Bemi-elllptic type with all leaves fully graduated. 
Tbe formulae for the seml-elliptic spring with all leaves graduated 



are: 



2 S n B ft' 



- and r = 



AEh 



To find the values of P^ given in the Uble, Insert 8 = 80,000, n = 1, 
b = 1, A ^ tbe value given in the first column In the table, and L ^ 1. 
To find tbe values of /., Insert In tbe second formula B = 80.000, L = 
1, E = 25,400,000, and A ^ the value given In tbe first column in tbe 
table. 

Now if the values In the table are to be used for other springs, con- 
stants can be deduced by which the table values may be multiplied. 
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For a Be ml -el Up tic BprlnK with a portion of tbe leaves graduated the 
load P remalnB the aame ae for a spring with all leaves graduated. 
The formula for the deflection, however, 1b: 



2{2 + r) Eh 

The values in the table, therefore, must tie multiplied by the quantity 
2 

X L' to And the deflection for any given combination full leaf 

(2 + r) 
and graduated spring of effective length L. 



For a full elliptic spring with all leaves graduated. P still remains 
the same as for a Bemi-elUptlc spring, but / doubles Its value, or: 



ZEK 
The values in the table, therefore, in thle case must be multiplied 
by 2 L'. 

For the full elliptic spring with only part of the leaves graduated, 
the load P remains the same as before, but the deflection ia twice that 
of a aeml-elllptic spring: 

1 2 8L' SL' 

2 (3 + r) Eh (2 + T) Eh' 

In this case, then, the values for the deflection In the table are to be 
4 

multiplied by X L'. 

2 + r 
The flexibility of a spring is the amount of deflection as compared 
to the load. This may be expressed as so many Inches deflection per 
hundred pounds, or ji- 
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Assume a fult-elllpttc, fully graduated spring, where 



n = 4, 

h = Vi Inch, . 

L ^ 30 inches. 

Then the sale load equals: 

3333.33 

P = 4 X 1% X = 778 pounds. 

30 
And the deflection equals : 

/ = 30" X 2 X 0.00315 = 6.67 Inches. 
Then, 

5.67 

y — X 100 = 0,73 Inch. 

778 
On the other hand, assume that the thtdcness and number at leaves 
are unknown. Then we have; 
P = 778 pounds, 
B = 80,000, 
£ = 26,400,000, 
6 = 1% Inch, 
t = 30 Inches, 
l/ = 0.73 Inch. 
Then 

778 

/ = X 0.73 = 5.67 Inches. 

100 

But / = 2 /, L', where /„ is the constant for deflection in the accom- 
panying table. 
Hence, 

/ 6.67 

/. = = = 0.00315. 

2 L' , 1800 

The thickness of steet In the table which corresponds to this value 
of /. is one-fourth inch. 
The number of leaves Is found br using P,. 
Load on one leaf, one Inch wide Is: 

3333.333 
=111.11 pounda. 



Load on one leaf 1^ inch wide Is: 
111.11 X 1% 
Number of leaves Is then. 
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The present calculation makes no allowance Tor the leaves of a 
spring varying In thickaess. Where such springs are used, the deflec- 
tion at the different leaves will not be uniform. Hence, In such springs 
also a sultatile initial "pull" should exist, and such springB should be 
- estimated by a general formula based upon a combination of different 
cantlI.eveTB, thus making allowance for different depths of cantilevers. 
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It la much better to use springs composed of but one thickness of 
leaves, as the combination of different thicknesses-adds a complexity 
scarcely necessary. 

Results obtained from fully graduated full elliptic springs would 
seem to show that the action of the friction between the leaves Is not 
great enough to seriously affect the bending action. In that the formu- 
las give results agreeing very closely with actual coadltiona. 
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CHAPTER IV 



THE DESIGN OF SPBINGS FOB QAS 
ENGINE VALVES' 

Springe for kab engines should be carefully deslsned, and It properly 
proportftmed for the work they must do, should be Just as reliable as 
any other part of the mechanlBm. While the geDeral data for spring 
design are well known to engineers, yet attention may properly be 
given to some considerations specially applicable to gas engine valve 
springs. This chapter will consider compression springs of round steel 
wire only, as the writer knows of no valid reason tor the use ot any 
other material or section tor this class ot springs. It Is well known 
that square Bteel Is less desirable than round steel tor springs, both 
on account of the higher cost ot the springs per pound, and from the 
standpoint ot efficiency. 

The Orst consideration Is the selection of the proper values for the 
fiber stress 8 and the torsional modulus of elasticity O. Experiments 
have shown that a fair value for O Is 12,500,000, which value Is talrly 
constant tor the various grades and tempers of steel within their elaa- 
tlc limits. The sate value for B Is not eo easily determined, because 
the correct value tor any given class of springs Is largely a matter of 
experience. The highest normal value ot S varies from about 110,000 
pounds per square Inch tor 1/18-inch wire, to 90,000 pounds for ^-Inch 
wire, which includes the range ot sizes generAlly used on valves. The 
term "normal value" Is used to dtetinguUh these figures from the 
higher values which can be reached by spring makers, and which are 
sometimes necessary, but should never be used for rapidly vibrating 
springs, or for springs where safety and long life are primary consid- 
erations, as In this class ol springs. In fact, even the above normal 
values are far too high for gas engine springs. These values are uaed 
very generally on machinery springs, etc., but should be reduced very 
materially to obtain springs which will give the maximum ot service 
in gas engine work. A value of S of from 25,000 to 30,000 pounds per 
square inch has been found to give beet results for gas engine valves. 

The third variable Is the length of the spring, which should be as 
long as practicable In order to keep the pressure on the lever or cam 
which operates the valve from being higher than necessary at the 
extreme lift of the valve. To illustrate this point we will take a 
valve on which a pressure ot 40 pounds when closed Is desired, and 
which opens H Inch. It the spring Is under i^ Inch compression 
when the valve is closed, and holding 40 pounds, the pressure when 
the valve is open will be SO pounds. But it we use a spring under 
1^ Inch compression to hold 40 pounds when the valve is closed, 
when the valve la opened the i^-lnch travel, the pressure will be 

• MtL-HiHIBT, Msy. 1908. 
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increased to only E6 pounds. The diameter and assembled length of 
the spring will uaually be determined by the general design of the 
engine. The diameter should be aa large aa convenient, which will 
lessen the tendency to buckle. 

We win now design a spring for an exhaust valve, the lilt of the 
valve being ^ Inch, the assembled length of the spring S inches, the 
pitch diameter of the spring 2 Inches, and the valu^of 8 at extreme 
compressloD 25,000 pounds per square Inch. We will make the spring 
TK inches long, thus giving a total compression of 1% Inch, and a final 
pressure of 6G pounds. The following formulas will be used; 
lid's 
P= (1) 

28 D 
22D'S 

t, = («> 

70d 
in which 
P=: pressure at given compression, 
(t=diameter of wire Id inches, 
D^ pitch diameter of spring in Inches, 
/,=: deflection of one coil in Inches, 
8 = flber stress in pounds per square Inch, 
G^ torsional modulus of elasticity.. 
The common forms of the Formulas (1) and (2) are: 
Sid* 

■P= (8) 

16ii 

f = (« 

Chrd- 

In these formulas P, d, B, and O denote the same quantities as in 
Formulas (1) and (2), and 
A =! pitch radius of spring in Inches, 
/^deflection of the whole spring under load, 
I ^ full length of wire In spring. 
The Formulas (3) and (4) can easily Iw transformed to the form In 
(1) and (2) by writing t = 22/7, B = D/2, and I = wDn (n being the 
Bumt>er of coils In the spring). 

We use Formula (1) to determine the size of the wire. Substituting 
the known values, we have: 

lid* X 26,000 

56 = , or d = 0.226. 

28 X 2 
We therefore will use No. 4 Washburn ft Moen gage wire, which is 
0.225. To determine the deflection per coil, we will substitute the 
known values in Formula (2), as follows: 
22 X 4 X 26,000 



< 12.500,000 X 0.225 



0.112 Inch. 
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The fre« leogth of the spring Is T<4 IncheB, Etnd the length nlth the 
valve open la G^ Inches; the compreBslon therefore ia 1% Inch. Then 
1% -;- 0.112 (the compresaion per coil) gives 15% acting coils ap- 
proximate!;, and adding one coil on each end, for a flat bearing to be 
ground at right angles to the axis of the spring, gives 17% total coils. 
Therefore the spring will be 2 Inches pitch diameter, 7% Inches free 
length. No. 4 W.^ M. gage wire, 17% total coils, squared and ground 
ends, holding 40 pounds at 6 Inches long, and 56 pounds at 5% Inches 
long, with a fiber stress at 5^ Inches long of 26,000 pounds per square 
Inch. 

' If It Is desirable that the pressure, when the valve ia open, rise at 
little (u possible above 40 pounds, we must make the spring as long as 
possible and still compress to the closed length given. We will assume 
a spring 2 Inches pitch diameter, to hold 40 pounds when 6 Inches long, 
and as little over 40 pounds as possible at 5\^ inches long. As we do 
not know the pressure at 5^ Inches long, we will take the fiber stress 
2G,000 pounds at 6 Inches long, instead of at total compression. Using 
lid" X 25,000 224 

Formula (1): 40 = , or d'= , and d = 0.300. We 

28 X 2 27,500 

win therefore use No. 5 W. ft M. gage wire, which is 0.207- Using Form- 
22 X 4 X 35,000 

ula (2): /,:= = 0.1215 inch compression per 

7 X 12,500,000 X 0.207 
coil when holding 40 pounds. Then 5% Inches solid length leas twice 
0.207 gives the length occupied ^y the acting coils when solid, or 5.086 
inches, and 5.086 -i- 0.207. = 24.5 acting colls. Further, 24.5 X 0.1216 
^ 2.975 Inches compression, which added to 6 Inches gives 8.375 
inches free length of the spring, say 8 inches. The spring therefore 
compresses 3 Inches when holding 40 pounds, with a value of B of 
25,000 pounds and at 5^ inches long, being compressed 3^ Inches, 
46 2/3 

holds 46 2/3 pounds, with a value of S of X 26,000 or 29,166 2/3 

40 
pounds. 

In these examples we have not corrected the values of S to allow 
for the variation in sizes of wire used, from the theoretical sises ob- 
tained, as It Is not necessary to do so It^ practice. It is Interesting to 
note, however, the. difference in this value at Qnal compression, ob- 
tained by the above method ot proportion based on 25,000 pounds at 40 
pounds pressure, from that obtained by using the original formula 
with the final pressure at 46 2/3 pounds, and wire ot 0.207 inch diam- 
eter. The first method gives 29,166 pounds, while the second method 
gives 26,782 pounds, this dlRerence being caused by the ditterence of 
0.007 in the size of wire. 
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CHAPTER I 

ORGANIZATION AND BQUEPMBNT OF AN 
AUTOMOBILE PAOTORY' 

The Leland, Faulconer ft Norton Co.. of Detroit, Mich., was lormed 
in IS90 Cor the purpose ol building machine tools and specittl machin- 
ery. Special milling machines, a lathe center grinder, a uet tool 
grinder, and some special machinery were built. Later the manufac- 
ture of wood trimmers lor pattern shop use waa undertaken; and next, 
during the development period of the bicycle industry, a line of 
machinery for making hardened and ground bicycle gears waa de- 
veloped. As the bicycle business declined, the company began build- 
ing gEis engines for motor boats, which were then rapidly rialng in 
popularity. The natural step from the marine to the automobile type 
of gas engine waa made in 1901 to 1902, when the motor now used In 
the Cadillac car was produced. In 1906 the company was united with 
tbe automobile firm building the Cadillac car to form the present 
Cadillac Motor Car Co. From 1902 until March, 1909, about S1,000 
cars hud been turned out, 17,000 of which were single cylinder 10 
H. P. machines, and the rest four cylinder cars, rated at 30 H. P. 
The Plant and Its Orsanizatlon 

The main or Cadillac plant has a double siding connected with the 
Belt Line Railroad, thus giving ample shipping facilities. The factory 
bulldlnga are of brick and reinforced concrete construction, lighted 
by large windows. Heat Is supplied by a live steam system. The 
boiler-room contains three water tube boilers, with room for another 
it It Is needed. Light and power are furnished by electric current sup- 
plied by tbe Detroit Edison Co. Electric driving is used throughout 
the plant, with motors connected with each tine shaft, and occasional 
installations with direct connected tools. A large compressor fur- 
nishes air at 125 pounds pressure for the pneumatic hammers in the 
frame department, and tor use In the various assembling departments, 
for cleaning parts, running air drills, etc. Five large elevators in 
fire-proofed brick shafts convey materials and parts between tbe vari- 
ous floors. An automatic sprinkler system is Installed, supplied by 
tour tanks on the roof. These tanks are filled by a large tire pump 
which operates whenever the level of water In the tanks is reduced. 
This same system supplies water tor lavatory and wash-room use. 
There are two large wash-rooms, each having 600 bowls and 1,000 
lockers. 

The old Leland ft Faulconer plant comprises a foundry building ot 
brlcfe, steel and glass, supplied with cupolas and a hydraulic Jib crane; 
a pattern shop and pattern storage building; a brass foundry build- 
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ing; a brick building for the case-bardening departmeDt; and a large 
three ator; brick building for the power plant and the sheet metal 
and brUES working departments. The building Is lighted hy both gaa 
and electricity, has a hotalr heating system, and Is provided with 
large wash-rooms on each fioor. 

The orgaDiiatlon ot the plant Is divided into the following depart- 
ments: First, the general manager; second, the secretary; third, 
the sales department; fourth, the advertising department; flftb. the 
purchasing department; sixth, the time-keeping and cost-keeping de- 
partment; seventh, the superintendent and Ms assistants; eighth, the 
engineering and designing departments, which produce the new models, 
tools and fixtures, and In conjunction with the experimental depart- 
ment, test the new cars before placing thera on the market; ninth, the 
foremen and their asslstanta In the forty-four manufacturing depart- 
ments; and sli other special departments, some of which will be men- 
tioned later. While the reader will be most Interested In the depart- 
ments devoted strictly to manufacturing, the work ot the engineering 
and purchasing departments Is worthy of some notice. 

The designing- room Is separate from the general drawing room and 
Is used by the chief engineer and two designers. Suggestions for new 
designs and Improvements In old ones may be made by any one on 
sultablt blanks. They are all considered and passed upon by a 
mechanical committee, consisting ot the general manager, the chief 
engineer, and the two designers. When approved, such changes are 
made immediately on the tracings, and new blue-prlnta are made and 
sent to the departments concerned In producing those parts. Thlfl 
keeps the blue-prints up-to-date, and avoids loss In the carrying 
through of parts of obsolete design. A well-organ Ued experimental 
department Is provided, having the necessary apparatus for testing 
new designs. The work ot the general drawing-room includes the 
detailing of new designs, and the drafting work on the necessary 
loola, gages, Jigs and flxtures needed to produce new parts or modela. 
Filing cabinets are provided for current drawings, as well as for those 
which are obsolete, of which a full record is kept. 

The purchasing agent has final authority on all matters concerning 
the actual buying of material used In the cars, and the care of this 
material until It goes to the machine or assembling departments. Pur- 
chasing orders are made out In quadruplicate. One copy goes to the 
seller, one to the receiving office, one to the bookkeeping department, 
and one to the file In the purchasing office. Small commercial parts, 
such as nuts, rivets, etc., are stored in bins In the general atock.room, 
which alEO receives the finished and Inspected parts turned out by the 
manufacturing departments. The stock-room record Is kept on a card 
Index system, and material Is delivered by the stock-keeper only on 
presentation of a requisition from the foreman of the department 
where It Is to be used. Bulky parts and materials are kept In a larg« 
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warehouae. wblch Is also under the care of the purchasing department. 
A separate etock-room la required for repair parts. These are kept in 
stock tor all models, clear back to the first one placed on the market, 
and they are replaced as fast as sold out. 

The gasoline used in testing the cara la alao considered as stock, and 
a very carefully planned storage system ta provided for It. Four cylin- 
drical tanks of 15,000 gallona capacity each are burled In concrete near 
the aiding, with the tops of the tanks about five feet below the street 
level. They are connected at top and bottom by separate cross piping. 
The system of storage Is such that these tanks are always full ot water 
or gasoline, or both, so that air is always excluded, making explosion 
impossible. The upper cross pipe permits the free passage ot gasoline 
between the tanks, while the lower pipe performs the same function 
for the water. A suitable arrangement of automatic valves lets in 
water as fast as gaaollne la removed, or permits the escape ot water 
as gasoline Is introduced. 

A notable safety provision in the outlet piping (or the water posi- 
tively prevents the escape of gasoline into the sewer. The outlet pipe 
is formed Into a long U-bend, which extends vertically to a depth of 
.70 feet. Inside of an IS-lncb casing. Prom this it jeturna and dls- 
cIiBrg^ through a trap into the sewer. The depth of this bend la such 
tliat the column of water on the outlet aide will balance a column ot 
gasoline having a height corresponding to the head obtainable from a 
tank car on a grade 5 feet higher than the present siding. The water 
thus furnishes a permanent seal agafnst the discharge ot gasoline. 

The dlstrlhutloa of the gasoline Is also carefully sate-guarded. It 
Is supplied to the various testing rooms and to the factory garage 
through piping from the storage system. It Is retailed by Bowser 
registering pumps which are kept locked when not in nse. As a 
turther safeguard, all the piping is epclosed In concrete, and the whole 
system is so arranged that It may be flooded with water to a depth of 
five feet In case ot fire In any building which might later tie built 
over it. 

Tool and Tool Supply Departments 

The tool department is located on the top Boor and at the north side 
of the building, where the best light is obtainable. It is devoted to 
the manufacture ot the Jigs and fixtures and many of the gages em- 
ployed In the factory. The equipment consists largely of Reed and 
Hendey & Norton lathes, Hendey ahapers. Brown £ Sharpe milling 
machines, and Brown & Sharpe universal and surface grinders. The 
high degree of Interchangeablilty required In the product demands 
a high standard of workmanship In this department. At the time 
Pig. 1 was taken, some manufacturing was being done here. A wire 
oncloBure at the right contains the tool Inspecting department. The 
tool steel stock and tool grinding rooms are at the further end of the 
picture. 

The tool supply department is closely allied with the tool-room. Its 
work is principally that ot caring tor, sharpening and recording the 
various Jigs, flstures and cutting tools. All these tools are looked 
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out For by a card Indei Byetem, which Bbows where they are used, 
and what repairs, It any, have been necessary. This department 
orders all the small commercial tools, and keeps a debit account with 
each branch tool-room tor the euppllea furnished It, giving credit for 
all tools worn out in legitimate use or broXen in unavoidable acci- 
dents. A perpetual inventory Is thus kept ot all the special and com- 
mercial toolB kept on hand. A card index inventory o( the machine 
tools is kept In the purchasing department. 

Forge, Foundry and Stieet Metal Departmeote 

It will not be possible to more than briefly mention that part of 

the equipment of the forty-four manufacturing departmectB which is 

concerned with the actual work on the parts. The blacksmith shop 

Is small, owing to the extensive use of drop forglngs, but it is finely 
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fitted up with Buffalo down-draft forges, a tool forge with a coke 
magazine, gas furnaces, water Jacketed dipping tanks, and an electric 
welding machine. The bulk of the work consists of tool dressing, 
and the making of forglngs for jigs and fixtures and for special car 
equipment. The case-bardening department has ten large Frankfort 
gas furnaces equipped with pyrometers, connected by a switchboard 
with a galvanometer graduated to degrees Fahrenheit. Oil and water 
dipping tanks with steam and cooling water Jackets are provided. 
These are piped to a steam pump to give positive circulation. Square 
and oblong pots are used for small machine parts, while round pots 
with central holes, to Insure uniform heat, are used for the large 
rear axle bevel gear. 

The iron foundry la provided with a large and a small cupola. The 
latter Is used largely for heats -of a special nature. The most ap- 
proved methods for testing and chemical analysis are employed to 
keep track of the output. This Is necessitated by the tact that the 
foundry furnlahea castings for other motor car builders besides th« 
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Cadillac Comipany. Tbe brass foundrr furntshes the necessary cast- 
ings tor tbe bronze busblngs, carburetor and lubricator parts, small 
valves and attlngs, etc. These are finished in the brass machine shop, 
which Is equipped with torty Warner t Swasey screw mactilnes, be- 
sides several Fox lathes, drill presses, milling machines and several 
special lathes. All the lubricators, gasoline valves, carburetors and 
bearings used are produced here. 

in the sheet metal department are made the vertical tubular radia- 
tors, gasoline taaka, dashes, fenders, etc., as well as small punchlngs, 
such as washers, clips, etc. The press-room has a complete equipment, 
ranging from foot presses up to 20-ton power presses, capable ol cut- 
. ting and forming parts up to 36 by 4S Inches. Gas furnaces are used 
for heating tbe soldering Irons and work when aasembllng the radia- 
tors. The radiators and tanks are tested by compressed air, while 



submerged in water. The frame department Is equipped with gas fur- 
naces and pneumatic hammers for riveting and heading. 
Bgulpment of the Machine DepartmentB 

For convenience in handling the work, all the engine parts are 
drilled and milled in two separate departments in one large room, 
while the similar operations on tbe chassis parts are performed In an- 
other room, which Is shown In part in Pig. 2. The equipment of this 
department includes a large number of Cincinnati drill presses. Cin- 
cinnati and Brown & Sharpe milling machines, and a Beaman ft 
Smith cylinder boring machine, arranged for handling transmission 
cases and axle housings. The engraving shows tbe large use of multi- 
ple spindle drills, quick change drill sochets and ]lgs. 

The equipment of the motor drilling department la somewhat similar, 
ranging from a sensitive bench drill to a 24-spindle motor-driven Baush 
machine. This is used In drilling the 24 boles for studs, cap screwe, 
etc.. In the lower halt ot the motor frame. These holes are all drilled 
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at one time, and have to accurately matcli Bimilar boles In the upper 
half. TbiB, it will be seen, requires a high grade of workmanship. 
The mllUnK department tor motor parta employs several Whltne? 
hand millers, Brown ft Sbarpe horizontal miller'^ of various ai^es, sev- 
eral vertical machines of the same make, and sli heavy motor-driven 
CIncincati machines. There are also to be found here two milling ma- 
chines built by Leland & Faulconer, which are unusual in that the 
table has longitudinal and crass feeds only, the vertical adiustment 
being applied to the spindle. High-speed steel inserted tooth cutters 
are in general use. 

The screw machine department is one of the largest In the factory, 
occupying a floor space of 80 by 200 feet, and containing 62 machines, 
exclusive of the tool grinders. Brown & Sharpe, National, Acme. Dav- 
enport and Cleveland machines are used lor making cap screws, nuts, 
studs and other parts up to one inch In diameter. Grldlcy machines 
are employed for larger work. Jones ft Lamson Hat turret lathes are 
used for shafts, spindles and some gear tilanks. The Potter ft John- 
ston automatic machine is employed for much of the chucking work 
in combination with the Qtsholt and Stelnle machines, which are used 
mostly for machining clutch and gear mounts. A group of Bardons 
ft Oliver machines are used on certain engine parts, which have to 
be held in face-plate fixtures and finished largely by hand labor. The 
larger Acme machines are direct connected. 

While most ot the round parts are finished complete on the screw 
machine, a lathe department is necessary for some work which has to 
be turned on arbors. Fly-wheels and some long axte shafts are also 
finished here. The equipment Includes Reed lathes, a Bullard boring 
machine for flnlshing fly-wheels, and two Beaman ft Smith double- 
spindle horizontal boring machines for roughing out the cylinders. 
The latter are provided with turntable fixtures, so that two cylinders 
may be set up while two others are being bored. After the cylinders 
are roughed out, they are tested under hydraulic pressure and sent to 
the grinding department. 

The grinding department finishes practically every round part on 
the car except the crank-sbatt, which comes finished from a firm mak- 
ing a specialty ot that work. Heavy Norton and Brown ft Sharpe 
grinders are used for finishing long parts. Medium sized Landls and 
Brown ft Sharpe grinders take care of work up to 3 inches in diameter 
and S inches long. Special Brown ft Sharpe and Heald grinders are 
used for flnlshing the cylinders, which are held exactly _as they will 
be on the assembled engine, so that clamping strains are duplicated. 
The pistons are finished in one of the heavy Norton machines. The 
group ot Heald machines is used ezclusively on Internal work, and 
an equipment of face grinders finishes the washers and flat disks 
used in the cars. The square shafts which carry the sliding memlwrs 
ot the transmission are ground to size on a group of Brown A Sharpe 
surface machines, fitted with suitable Index fixtures. In contrast to 
the heavy Norton grinders with their 24-inch wheels, is a bench grinder 
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purcbaBed from the Waltham Watch Tool Co., for flaisblng Internal 
ball races. This little machine uses a wheel about the Biie of a Ave- 
cent piece, and may be set to grind to a radius ot >i Inch. Careful 
attention Is given to providing suitable raclis lor ground work to avoid 
injury in handling. 

In Pig. 3 1b seen a partial view ot the gear-cutting department. A 
Gleason bevel gear generating machine ie here shown at work cutting 
a rear axle gear. The complete equipment Includes thirty standard 
machines, and four others ot special deBlgn, besides four testing ma- 
chines. The list Includes fifteen Brown A Sharpe automatic gear cut- 
ters, one large Gould & Eberbardt machine, two Fellows gear sbapers 
for Internal gears, one Bllgram and three Gleason bevel gear planers, 
two imported French macbinea for special pinion work, and a Pratt & 
Whitney worm milling machine. One of tbe testing macblncs, that 



for bevel gears. Is seen at the extreme rlgbt ot Fig. 3. Tbe testing 
machine tor spur gears Is provided with a vernier scale for reading 
center distances to thousandths of an Inch. 

Inepectloii and Aeeombllnff Departments 
The inspection department consists of a chief Inspector and bis fore- 
men, and the men under them, who together form a corps of over 
one hundred men. These men Inspect commercial parts as they go 
through the receiving department, the output of each manufacturing 
department as it goes to the assembling, tbe flnal assembltng of the 
parts in the chassis, and tbe finish of the completed machine on both 
the itiechanism and the body. The Inspectors are furnished with all 
necessary appliances for doing this work accurately. Drop forgtngs 
are examined for visible fiaws, and sounded for invisible ones. Springs 
are tested on machines especially built for tbe purpose. Every ma- 
chine department has its Inspection bench, provided with the neces- 
sary plug and snap gages for the entire range of Its output. Microm- 
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eter calipers up to the 6-lncli alze are In general use. Thread microm- 
eters are UBed in place oF ring thread gages wherever poBSlble. For 
testing turned and bored parts for concentricity. Brown L Sbarpe 
testing centers and indicators are used. Suitable surface plates. 
V-blocks and height gages are provided. The InspeEtors In the grind- 
ing department are furnished with strong reading glsssea for use on 
certain work. These Inspectors are outetde the Jurisdiction of the 
other depart me nt-headB, and have full authority to throw out all 
parts and materials not up to the standard. 

The work of assembling Is divided between several gangs, each of 
wlilcti does it own particular work. One group of assemblers scrapes 
the crankshaft bearings to fit, and "runs them In" by a belt on the 
t1y-wh'?el. Another assembles the cam-shaft members. Still another 
assembles the piston. Its rings, pins, connecting-rod and bearings. 
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while the "cylinder gang" assembles the cylinder and cylinder head 
and copper water Jacket. The final assembling is then done on stands 
as shown In Pig. 4. This consists merely in bolting tbe various parts 
toRether, setting the cam gears (which are marhed In a Jig), timing 
the valves, adjusting the bearings, and testing (be water connections. 
Tbe points of valve opening and closing are marked on the rim of the 
fly-wheel, and a fixed pointer shona the central position. 
Tbe Teatln^r Department and Its Equipment 
Prom the asseibbilng room tbe engines are taken to the testing 
department, where they are placed on Iron stands and connected with 
the gasoline and water supplies, and to tbe electrical connections for 
the Ignition, as shown plainly In Fig. 5. The engines are* run at mod- 
erate- speed until the; get down to work, when tbe speed Is gradually 
brought up to tbe maximum. A brake-horsepower test of each engine 
la made, and those which fall to come up to tbe requirements are 
returned to tbe assembling department tor reconstruction. As a check 
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on tblB test, stock engines are sent to the experimental department at 
regular Intervals, and tested tbere by connection with a djnamo fitted 
with suitable electrical measuring Instmmenta. After the testing the 
engines go Into stock, or to the chassis assembling department. 

All the parts necessary tor the completed chassis are brought to this 
assembling department. The order of aBsemhling is as follows: The 
frames are first laid on horses and the mechanism dust shield la put 
on. The springs and axles are next attached, and then the engine and 
transmission gearing are set and lined up. The engine Is supported at 
three points, and Is connected by a universal sliding Joint with the 
transmission gearing, thus permitting "weaving" of the frame without 
danger of dlsalignment. The universal Joint between the transmis- 
sion and the differential gearing is practically straight when the car 
Is loaded, and runs at a very slight angle when the car Is light. The 
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exhaust pipe and muffler are next connected, and then the controlling 
and brake levers and the pedals. The radiator and water connec- 
tions come next, followed by the steering gear. The placing of the 
mahogany dash In position permits the mounting ol the electrical 
apparatus: and the bolting on of the gasoline tank and Its connec- 
tions completes the chassis, except (or the wheels and tires. An old 
set of these are put on the car In the assembling department, to be 
used for the road teat. The method of assembling Is practically the 
same for the single cylinder car. 

Two separate testing departments are provided — one for the single- 
cylinder cars, and the other for the four-cylinder cars. The former were 
given road tests for the first two years of their manufacture, until 
all the weak points In the construction had been eliminated. The test- 
ing room shown In Fig. S was then built, and the cars have since 
been tested here. Fifteen stands are provided. The rear wheels rest 
on a pair of 4S-lnch pulleys, mounted on a shaft which carries a fan 
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about '2 inches In diameter by 3S inches wide, projecting tbrough tbe 
floor In the sheet Iron casing ehown. In addition to the resistance 
thus offered by the fan. a brake Is mounted on tbe shaft between the 
pulleys, controlled by the band-wheel on tbe stand shown projecting 
through the floor at the rear of each machine. By this means It is 
possible to work the engine against any desired resistance, even to 
the extent of stalling it. The chassis are held by padded hooks, fast- 
ened by ropes or chains to the brake wheel stands. The blast of air 
p reduced by each fan is led through a sheet metal conduit and 
directed against tbe radiator of tbe engine, thus giving tbe same cool- 
ing effect that would be experienced at corresponding speeds on the 
road on a still day. The speed in miles per hour is read from Schaf- 
fer & Budenburg tachometers. 
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The tour-cylinder testing stands are similar in principle, though 
somewhat differently arranged, as the fans are placed beneath the 
from of tbe machine, being connected with the driving shafts by 
sprockets and chains. After being run here a sufflcient time to make 
sure of their adjustment and running condition, temporary bodies 
r.re placed on the chassis and each car given a thorough teat by reli- 
able men on the country roads outside the city. After this has been 
done to the satisfaction of the foreman of the department, the testing 
body is removed and the chassis is washed successively in water and 
gasoline, and dried by an air jet, 

FlnlBblDff 

The painting and finishing of the chassis, bodies and wheels Is done 
in separate departments. The bodies receive one coat of rough flller, 
and fifieen more coats of filler color and varnish, before completion. 
A view of the trimming department tor tbe bodies is shown in Fig. 7, 
Fenders, boods. brackets, etc., are enameled and baked. Fig. 8 shows 
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some of the pipe frame trucks used to bold tbeae sheet metal parts 
during the baking. 

The chassis, bodies, hooda, fenders, etc.. Anally go to the large fln- 
ishtng-room on the ground floor, wbere the final assembling and teet- 



Ing ol the complete car is done. Each complete car Is driven out by 
a Qnal Inspector to make sure that all adjustments are correct. Be- 
fore shipping, a detailed record Is made ol each car, beginning with 
the motor number, and giving the dates of motor asaembling, motor 
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testing, all the various painting, flnishlng and shipping dates, together 
with any Information of a special Icind, such as size and color of body, 
etc. This record has been found of the greatest assistance to the 
repair order department in filling poorly written orders. 
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Interohanveablllty 
Id connection wltb this subject of repair orders, mention should be 
made ol the high degree of Interchangeabillty attained by the Cadillac 
Co. This was Illustrated by a test made In March, 190S. b^ a com- 
mittee of the Royal Auto Club ol England, who eelected by lot three ■ 
Cadillac cars of the fame lO-horsepower model, dlsasGembled tbem 
under the eyes of an Inspector of their own appointment, placed the 
disassembled parts (T£l from each car) In a pile, and mixed them 
up Indiscriminately; 81 parts were then taken out and replaced by 81 
repa'r parts from stock. The cars were thereupon reassembled from this 
mixed pile by the use ot wrenches, screw -drivers, etc., but without the 
»Ee of scrapers, flies or even emery clotb. Only one part, a cotter pin. 
naa injured in reassembling. These three heterogeneously reassem- 
bled cars were each given a 500-mile reliability run on the Brooklands 
track, at an average speed of 33 to 34 miles per hour, without develop- 
ing the slightest defect. 
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HACmNDB AND TOOLS FOE AtlTOUOBILB 
MAHUPAOTOEB- 

, The Cadillac Engrlite 

In order to make clear tbe manufacturing operations which will be 

refeTred to in the following, a brief description of the Cadillac engine 

will here be given. The first automobile made by the Cadillac Motor 

Car Co., of Detroit, MJch." In 1902, was a runabout containing a 10 



H. P.. single cylinder, fouf cycle, horizontal engine, of 5-lnch bore 
by 5-lnch stroke. This engine was found to be so satisfactory that 
It has been retained practically unchanged up to the present time, 
and Its general features have been adopted, so far as possible, for 
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the vertical four-cyltnder engloes o( tbe 30 H. P. machine. A number 
of orlglaal features were employed od. this engine which have proved 
their value In actual practice. One of the moat Interesting of these Is 
the cylinder construction, best seen In Fig. 9. This cylinder, which 
ta a fine-grained gray iron casting, has a Bange near tbe forward 
end, which enters and flte a bored and faced seat In the frame. The 
copper water Jacket slips over the cylinder, and Is flanged to match 



Its outer face. Both It and tbe cylinder are held in place by a ring 
which passes around tbe outside ol the copper Jacket, and is tight- 
ened down by the studs shown screwed Into the frame. In this way 
the copper Jacket fomw Its own gasket. The cylinder bead or valve 
chamber Is held in place by a hollow steel nut (or nipple, rather) 
which Is threaded externally right- and left-hand, and screws into 



both the cylinder and tbe valve chamber. The upper end of the cop- 
per Jacket Is clamped between the two, and thus servesfor a gasket 
at this Joint also, forming tbe only packing needed. Parts are kept 
In alignment by a dowel, and suitable openings connect tbe Jacket 
space of tbe cylinder and the head. Among tbe advantages of this 
conslmction over the usual cored Jacket are ligbier weight, greater 
water space, more uniform thickness of cylinder walls, facility in 
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cleaning the Jacket space. ellmlDation of trouble from freezing the 
cooling water, and low repair cost for broken parts. 

The eztiauBt valve Is placed in the cylinder head with its axis ver- 
tical, and it la operated from the cam ahaft by a push-rod and bell- 
crank. The Inlet valve Is of the Inverted type, located directly above 
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the exhaust valve. It Is operated by a lever with a roller on Its outer 
end nhicb, in turn, ia actuated by a push rod riding on a roller 
mounted on one arm of a short lever. The push-rod Is connected 
with an eccentric on the cam shaft. The lever on which it rldea Is 
under the control of the driver, so that the timing of the valve and 
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the amount of HFC may be varied according to the work required. 
The throttling 1b thus effected by the Inlet valve gear. The carbu- 
retor (shown IQ Pig. 10) Is (ormed in one piece vlth the Inlet valve 
mechanism. ' Ab may be seen, the InruBh of air Utta valve If and 
altowa the escape of the oil. wblcb falls Into the wire mesh basket K, 
where It Is vaporized. The lift ol the valve may be regulated to give 
the desired richness of mixture. 

The motor frame Is made In three parts — the frame proper, and 
the top and bottom plates. The main shaft, which Is offset, Is a 
nickel steel, center-crank forging, finished all over by grinding. It Is 
carried In babbitt lined bronze bearings, fitted In bored and reamed 
scats in the motor frame. These are held In place by cap plaies, 
nhich can be adjusted without opening the motor. The cam-ahatt Is 
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carried In bronze bushings Inserted In the bottom plate. This plate 
and the cam-shaft may be removed at any time without disturbing the 
crank-shaft. 

The transmission of the 10 H. P. machine is of the planetary type, 
providing for two speeds forward and t 
Fig. II, the gearing is all enclosed in an oil-tight ( 
high-spfcd forward gear the whole transmission revolves as a uni.'. 
The driving pinion is of 40-point carbon steel and Is case-hardened, 
as are also the idler pinions, which have bronze bushings pressed 
Into them after hardening, and run on hardened and ground pins 
pressed into the gear case. Power is transmitted to the rear axle 
sprocket by a Whitney roller chain. An assembled view of the engine 
Is shown In Fig. 12. 

The later vertical four-cylinder engine for the .10 H. P. machine 
is shown In Pigs. 13 to 19 inclusive. This engine has been built, as 
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far as practicable, on the lines of the horizontal machine. As maj' 
be seen In Fig. 17, the same arrangement is used for clamping togetber 
the cylinder, the copper Jacket and the cylinder head, although a 
somewhat different joint la used at the lower end of the jacket. In 
this ergine also the crank-shaft Is oIlBet; the conBtrucllon of the crank 
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caso and base Is different, of course, as shown In Fig, 19, A leather- 
faced cone clutch In the fly-wheel transmits power to the sliding gear 
transmission (see Fig. IK) which gives three speeds forward and 
one reverse. The gears and shafts are of oil-treated chrome-nickel 
steel, and are carried on ball bearings. The gear case Is oll-tlght, as 
Is also the universal Joint housing and the rear axle casing. 
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The rear axle carries an oil-treated clirome-nlchel steel bevel gear 
and pinion, end the gear mounts ere adjustable for wear ot the teeth. 
The steering gear (see Fig. 16) Is of the worm and sector tfpe, treated 
In the same ways as the transmission and differential gearing. 
MachiDBB and Tools for Automobile UanufKcture 
Upon first thought the design and construction of tools and Jigs 
(or automobile manufacture may not appear to present any problems 
radically dllTerent from those Involved In the manufacture of any other 
power producing and transmitting machinery; but after a thorough 
consideration of the conditionH under which a motor car necessarily 
operates, the Importance of a. standardized. Interchangeable, simple 
and strong construction is realized. As one of the requirements of a 
car Is maximum power with minimum weight, the use of nickel and 
other steel alloys Is required, which. In turn, necessitates the use of 
high-speed steel In the machine tools. As an automobile engine is 



necessarily a high-speed engine, the provisions for adjustment of 
wearing parts and ilie cheap replacement of them when worn out, are 
of primary importance. 

As the great majority of automobile owners are not mechanically 
Inclined and vish the greatest amount of service with the least possi- 
ble atienllon to their cars, the necessity of simple and reliable con- 
struction is apparent: and, as the motor car is farced by road condi- 
tions to do Its hardest work on the poorest roads (which are usually 
farthest from the best repair facilities), under which conditions break- 
ages are most likely to occur, the advantages of Interchangeable con- 
struvtlcn, the parts of which are so designed that tliey can not be in- 
correctly assembled, are apparent, especially when road repairs must Iw 
made by men not thoroughly familiar with the construction of all 
ears. These are facts that the motor car designer must have seriously 
In mind, and which must reflect themselves (o some extent In the tool 
design. 

H is the purpose of this chapter to show how these Ideas are car- 
ried out In practice, in the factory of the Cadillac Motor Car Com- 
pany, and, while space permits showing only a few of the several 
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thousand special tools. Jigs and fixtures. It is tliought that those shown 
will llllustrate the care taken to secure absolute InterchangeabUlty 
and perfect alignment of parts. As the construction of the motor 
Includes some very Interesting toola, these together with some test- 
ings Jigs are shown and described. 

Engine Frames 

As the engine frame Is In two parts, divided horizontally al the 

shaft center, accurate milling and drilling is required. Heavy Brown 



A Sharpe, Cincinnati, and Leiand & Faulconer machines are Qtted 
with heavy jigs, and large Inserted tooth cutters are used on this 
work. Fig. 20 Illustrates the L. & F. machine milling the top face 
of the engine frame where the cylloders bolt on. This machine is 
very Batisfactory tor manufacturing, aa the low table permits rapid 
handling of work, and Us heavy construction, large bearing surfaces 
and all geared feeds and speeds provide for heavy and ra|ild cutting. 
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Fig. 21 showB the method of boring the seats (or the cylinders tn 
the cDglne frame. This operation follows that shown in Fig. 20. The 
cutter heads have a floating drive and are centered hy the ground 
pilots entering Inserted bushings In the ]fg bosses. The whole ]ig 
slides forward, and back against a stop to facilitate Inserting and 
removing the work. 

Fig. 22 shows the lower half of the crank-case (shown In Fig. 19 
with crank-shaft In place) clamped in the jig for drilling 24 holes for 



Btuds and cap-screws. The 24-eplndle Baush machine drills these 
holes In about two minutes, Including inserting and removing the 
work. A similar style of Jig la provided for the upper half of the 
crank-case, which has 18 holes to be drilled In the lower face. 

Fig. 23 shows the jig provided for boring the cam-shaft bearing 
seats In the upper half oC the crank-case. These seats are Indicated 
by the letter A. and are a very close fit tor the five bronze bearings 
which carry the cam-shaft. The work locates over the two large 
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bosses In the center of the jtg, and rests on hardened and ground 
plugs Inserted In the base. The swing clamps shown bear directly 
over the plugs. The boring tool, which is driven by a face-plate flx- 
ture, Is seen projecting through one of the guides. The B. & S. plug 
gage seen on the lathe carriage, allows only 0.002-liich variation In 
the'aize of the holes. A similar type of Jig (not shown) Is used for 
boring the main bearing seats In the lower half of the crank.case, and 



an adjustable band reamer with a very long pilot is used for finish- 
ing them. The variation in size allowed on the bearing bushings Is 
only 0.0015 loch and only O.OOl inch on the shaft bearings. 
Cam -shaft 
Fig. 24 shows both the cam-shaft drilling and reaming jigs on the 
same machine table, far convenience. The drill jig (seen in front) 
Is of steel with hardened bushings with an adjustable stop«crew In 
the end. This jig gives the correct position of the holes for the eight 
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cams and the drive geams. As the holes are to be reamed In pairs and 
each pair Is 90 degrees from the otherB. the reaming Jig Is designed 
with a view to extreme accuracy. In operation the first bole reamed 



Is the one by which the drive gear (Fig. 15. page 18> is pinned on. 
The taper reamer Is guided by the bushing In the clamping nature at 
the right, and the collars are ao adjusted as to ream the hole to the 
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required size. Tbe shaft te then slipped through the square, hard- 
ened and'sround ateel block seen at the left In tbe illustration, and 
a master pin Is Inserted. The block Is then slipped along in the frame 
or the Jig and clamped by tbe screws seen on top of the flsture as 
tbe various boles conie under the reamer. Tbe projecting block seen 
at tbe extreme right end of tbe Jig, forma a rest for the cam-shaft as 
it Is passed along. As the taper boles In tbe cam shaft, cams and 
cam-geara, must bear the correct relation to each other, a aet of mas- 
ter pins Is provided for testing the depth of the reaming. These are 
hardened and ground tool-steel pins having two fine lines 0.02D inch 
apart around them at tbe point where they project through the bole 
In either tbe shaft, the cam or tbe gear. As a variation of 0.001 inch 
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in the diameter of a standard taper pin hole permits the pin to enter 
0.040 Inch deeper Into the hole, tbe accuracy of this work can be 
realized when It is known that no hand reaming Is required In ast.em- 
bllng the cam-shaft. The cams are drilled and reamed In similar 
Jigs, which, in all cases, locate the cams by tbe eccentric portions. 
The Inlet cams arp allhe and interchangeable, as are also the exbaus; 
cams. The cams are of selected ateel, hardened and finished by grind- 
ing on the working surfaces in correct relation to tbe pin holes. 
CFUnders 
Fig. 2^1 illustrates the method of boring the cylinders In a double 
spindle Beaman & Smith machine, with a turn-table fixture whereby 
two cylinders may be changed wbilo iivo others are being bored. As 
the cylinder castings are very uniform In size, the boring leaves the 
walls very uniform in thickness. After being bored and reamed, the 
cylinders pass to the testing bench where water pressure of 700 t 
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SOO pounds per square Incb Is applied to test them for leakage. Tbose 
pasGing the test are taken to the screw machine- department and put 
on an expanding arbor in a large Potter & Johnston machine for fac- 
ing and tapping the top and turning the portion of the cylinder which 
enters into the crank-case of the motor. The machine and tools for 
these operations are seen in Fig. 26. The turret tools In the tore- 
ground are those used In roughing out and boring the upper end of 
the cylinder for the cylinder head nipple. The heavy overhanging 
turret tool finishes the fiange on the cylinder tor the copper water 
Jacket. The rear cross slide carries the tools for roughing this flange 
and also the flanges through which the studs pass for fastening the 
cylinders to the engine frame, while the forward cross-slide tools flu- 



Isb the stud flanges and a portion of the cylinder where it enters 
the bored seat in the engine frame. 

The cylinders are flnisbed by grinding in Brown A Sharpe and 
Heald machines. A heavy angle-plate flzture, bored and faced to a 
very close fit on the cylinder diameter. Is fitted to the table of the 
maeblne as shown in Fig. 27. The cylinder la clamped to this 9z- 
ture exactly as it is held later in the assembled motor. Cooling water 
is supplied to the outside of the cylinder, and the air tube seen at 
the extreme right conveys the particles of metal and emery to a suc- 
tion fan at the rear of the machine. The "Go" plug gage seen on the 
machine table, is 4 Inches in diameter and the "Not Go" gage is 4.002 
Inches in diameter. 

Pistons and Blngre 

The second operation of roughing off the pistons in a Grldley auto- 
matic turret lathe is shown In Fig. 23. The first operation is not 
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BhowD, ae it conalats only In chucking and roughing ofl the outer 
diameter of the head end for about an Inch to permit the steadyinK 
roll paBsing over the end. The upper roll has but a slight travel, as It 
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forms a part of the end facing tool. The heavy turning tool Is car- 
ried In the rear tool holder, which also carries another roller; this 
roller supports the piston against the aide thrust on it. caused In cut- 
ting the ring grooves. The view shows the very heavy character of 
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the tools, and the proTtsfons for adJuBtment. The piston Is held by 
an Internal dran-ln fixture, thua permitting the turning tool to travel 
Its entire length. The finish is by grinding In beavr Brown & Sharpe 
and Norton machines, as illustrated In Fig. 29. The Ei'^ateat vari- 
ation in size permitted is 0.002 inch. A finishing cut ts taken from the 
open end of the piston In a special reaming fixture Just before grind- 
ing, which prevents any possible distortion of the piston due to 
changes In the metal alter the open end has been machined. The pis- 
ton pin hole Is bored in box Jigs and 0.001 inch Is lett tor hand ream- 
ing previous to assembling the piston and connecting-rod. A final 
light finishing cut is taken Irom the piston ring grooves after the 
piston is ground. 



The piston rings are of a special close-grained Iron mixture and 
are turned and bored on Gridley machines, and finished by grinding. 
The ring Joint Is the standard 45-degree angle joint, which has always 
given good results In practice. 

Connecttns-rodB 

The connecting-rods are drop forglngs of H-section, having a pressed- 
In bronze bushing bearing for the piston-pin, and a hinged cap carry- 
ing babbitt-lined bronze half-bushing bearings for the crank-pins. 
While the machining ot the rods requires a set of very complete and 
accurate Jigs and tools, limited apace prevents their Illustration. Two 
ot the fixtures (or testing the alignment ot the assembled rods, how- 
ever, are shown In Pigs. 30 and 31. EMg- 30 shows the metbod ot 
locating the piston- pin bushing cental with the crank-pin bearing, 
which is held In the hinged end of the rod by large brass dowels. 
A plug is placed between the half bearings, and the adjusting screw 
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tlghteneii down sufflclentl; to hold tbem tightly in place. The platon- 
pln bushing having been pressed In approslmately central and hand 
reamed. Is then slipped on the ground arbor which is pressed Into the 
tasting and pasltlvelr held by a large hexagon nut. The knurled nut 
A Is then acrpwed on the outer end ot the arbor, thus holding the 
plston-pIn bushing against a ground shoulder on the fixed arbor. The 
micrometer screw Is then brought up until It touches the edge of the 
crank-pin bearing, a reading taken, and the screw backed away. The 
nut A Is then loosened, the connecting-rod slipped off, turned over 
and replaced on the arbor and another reading ot the micrometer 
screw Is taken. The difference In the two readings thus Indicates 
the amount the two bearings are out of line with each other. For 
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overcoming this variation, the two knurled nuts B and C are provided. 
Nut B is internally threaded to Bt a threaded portion of nut A, and In 
use screws up against the face of the connecting-rod forging tor press- 
ing It farther onto the bronze bushing. Nut C which is internally 
threaded to fit a portion ot the fixed arbor, operates to move the rod 
forging In the apposite direction. When the rod Is thus centi-allzed. 
a dowel of bra^a tubing Is put In. which prevents dlsailgnment and 
also conveys oil to the plston-pln tiearing. 

For .testing the parallelism (both vertical and horizonial) of the 
red bearings, the flxture shown In Fig. 31 is provided. In operation. 
tno ground arbors which are tight-fits in the rod bearings, are in- 
serted, and the rod laid Id the fixture as shown. A pair ot flat springs 
A press the smaller arbor against the Inserted hardened and ground 
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plugs opposite them. A similar pair of plugs are seen at the other 
end of the fixture ; between these and the arbor Is inserted the taper 
strip seen in the foreground. The taper is such that the cross lines 
which are about % inch apart each give a reading to 0.001 inch. The 
two flat strips attached to the lower end of the fixture are so placed 
for convenience in reading any variation in the position ot the taper 
strip. As all four horlsontal surfaces on whicti the ends ol both the 



arbors lie are ground to the same plane, any "wind" in the connecting- 
rod is seen by the failure of all tour points to touch at the same 
time. 

Bevel Qear Templet MUlinsr Uacblne 

A pair of t>evel gears are used to drive the short vertical commu- 
tator shaft from the cam shaft of the motor, and as the relative posi- 
tions of the commutator to the camshaft and main shaft ot the 
motor must be accurately maintained, the necessity of correctly cut 
and carefully mounted gears Is apparent. For producing these gears, 
a specially designed machine is employed, which Is sbown in Fig. 32. 
The machine Is one ot the templet type, whose templet or form (seen 
on the arm at the top ot the machine) la primarily developed by roll- 
lug contact with a rack. This produces a magnified tooth form which 
Is matheniatically correct, and even if it contained any errors these 
would be reduced in the actual work hi the same proportion which 
the gear toolh bears to the form. Hence, very accurate bevel gears 
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m&s be cut on this t^pe ot machine, and a brief general deecrlptlon of 
Its matn features may be ot especial Interest. 

The machine conalsts ot two principal parts; the work spindle and 
its driving and Indexing mechanism, and the cutters with their driv- 
ing mechanism. The cutters- are driven bj round belts, at a high 
Bpeed, and are mounted on geared spindles which are carried In two 
vertical slides, which, in operation, have a reciprocating motion on 
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lines divergent from the cone center of the gear to be cut. The cut- 
ting edges of the cutters are thus always traveling along lines which 
become the clearance lines ol the gear tooth. The gear blank Is 
roughed out on a special gashing machine as the temiilet milling 
mac nine Is not Intended for roughing. 

The work spindle Is carried In the head, which has a working 
range of Ta degrees between the horizontal and vertical planes This 
bead is locked to the movable graduated quadrant, which Is pivoted 
at a point coincident with the center o( the gear. The work spindle 
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has an end movement ot several Inches. lor convenience in cbanglng 
tbe gear blank, and has a draw-in arbor attached to the hand-wheel 
seen above the Index plate, for locking the gear blank in position. 
The Index plate is seen at the top of the work spindle. The Index 
trip Is aet at the desired position on the rear slot of the stationary 
quadrant. In operation the large cam under the work spindle raises 
the pivoted quadrant to which the work spindle is locked, and grad- 
ually feeds tbe work forward between the two cutters, which are 
gradually forced to change their position by the action ol the large 
tooth form entering between tbe two rolls on the cutter slide arms. 



Tbe Indexing is, of course, automatic, and occurs at the position of 
the cam shown in tbe engraving. This cam has, as shown, an edge 
consisting ot a series of small steps, rather than a gradual curve, and 
is so geared to the cutter spindle mechanism that the work Is fed 
into the cutters at the ends of the stroke of the cutter slides, rather 
than during a cut. The index mechanism shows careful tbought In 
Its design. In that the index pin enters the slots In the index plate 
in such a manner as to have no sliding contact on the master edge 
ot the slot. An automatic trip stops the machine when the gear Is 
finished. This machine Is one ot a series which was built by this 
company (then the Leland & Fauleoner Manufacturing Company) in 
iSitS-lSflD. tor producing either soft or hardened and ground bevel 
gears, the machine being designed to produce finished soft gears, or 
semi-finished gears tor hardening. 
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Commutator Testing 
Fig. 33 shows a fixture employed tor testing the accuracy of the 
BpaciDg of the contact polntH of the commutator. This fixture con- 
Bists of a central portion carrying the commutator shaft, and of an 
outer graduated ateel disk movable on the central part of the fixture. 
In operation, a commutator 1b slipped on over the stationary shaft 
and the bearings adjusted. The commutator brush is then placed on 
the shaft and locked In place, leaving the commutator body tree to 
be revolved. A battery and coll which are a part of the fixture, indi- 
cate the electrical contact by the buzzing of the coll. The pointer iB 
then put In place and clamped, and the commutator turned until a 
contact Is Indicated. The large, outer disk (about 18 inches In dla- 



eter) Is then turned around under the pointer until one of the 90 
degree graduations are directly under the pointer. The commutator 
and pointer are then turned to bring the other contacts to the brusb, 
and their variation read on the large disk, which 1b graduated in 
degrees at four equi-dlstant points around its edge. The requirement 
Is that the commutator contacts be spaced 90 degrees apart, and the 
variation allowed Is only one-half a degree, as the relation of the 
firi!ig to the piston and valve movements must be very exact. 

Fig. 34 Illustrates a nice piece of screw machine work in the brass 
shop. The ring seen leaning against the machine Is of bronze. The 
diameters of these rings range from 6.497 Inches to S.50D inches and 
the boiT from 5.STS Inches to fi.SSO Inches. The outside Is spherical 
In shape, and the ring forms a part of the rear universal joint hous- 
ing which swivels on the rear axle driving shaft casing, and also slides 
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in to compensate for the rear spring action. Slight variations in size 
and a line finish are necessary to make tbis point oil tight. A casting 
is seen in the machine, and a roughing cut Is being taken from the out- 
side. It bas already been rough bored, enough metal being left tor 
a fine flnlshing cut to be taken after the outside Ib finished. The cast- 
ings have heavy flanges for Inside chucking, so that little trouble is 
experienced by their springing after being parted. The Illustration 
shows the construction of the spherical turning tools, and two of the 
gages used. 
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CHAPTER III 



STSTHM FOE THE RAPID A8SBKBLY OF 
MOTOR OARS' 

From a mere corner In the machine shop in tlie days when the 
automobile was built In lots o[ but two or three at a time, the assem- 
bling room has grown to euch an extent that. In many lactorles where 
the output Ib large. It occupies an entire floor of the main building, 
and baB come to be considered as one of the three or four most Im- 
portant departments of a modern motor car factory. A corresponding 
Increase in responslbilltj' has attended the growth In size and Impor- 
tance of the aBHemblIng room, and to-day, unless well managed and 
equipped with the most up-to-date devices for the convenient and 
rapid handling of parts, it can easily "eat up" the profltB on a whole 
year's output of low or medium-priced cars. Without requiring the 
services of an excessive number of men, it muBt take care of the 
parts from the nwchine shop and the parts-assemhllng room as they 
are turned out, and not allow a great number of flnlBhed pieceB to 
accumulate at any time In the stock room. The work ol assembling 
must also he done thoroughly, so that, when tested, the complete car 
need not he Bent back for overhauling and readjustment of parts. In 
short, the assembling room must work In harmony with eac4i of the 
other departments In doing Its share toward producing a car ot 
maximum quality at minimum cost ot production — and that share Is by 
no means small. But not alone are the best systems and business 
management, proper Interior arrangement and most up to dale devices 
necessary, but the highest class of skilled mechanics must be em- 
ployed as well. A motor and transmission may be composed of the 
best of materials and have bestowed upon them the moat skilled work- 
manship available, but unless they are placed together In the completed 
car with each shaft lined up, each bearing scr&ped and lltted and 
each gear In position to mesh properly, all this expensive material 
and labor may count tor naught. The assembling room cannot, to any 
great extent, compensate for poor machining, but It can absolutely 
ruin the heat products of the machine shop. 

That the leading automobile manufacturers have been brought to a 
realization ot the importance of the use ot the best systems, equip- 
ment and labor In their assembling rooms is particularly well ezem- 
pllfled In the factory of the Chalmers-Detroit Motor Car Company at 
Detroit, Mich. Probably the most convincing proof of this statement 
will be found In the tact that, tor the 3,000 complete cars turned out 
by this company last year, not more than 30 men were employed at 
any one time on the assembling room floor. More remarkable than 
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thl8, bowever. Is the high record established tor a day's work. Id ten 
hours, the 30 men In this department assembled 35 complete cars! 
Of course this does not Include the asEcmblIng ol the small parts ot 
the motor, transmission and rear axie, as these are taken care ot In 
other departments, but when It is remembered that the chassis assem- 
bly aoes include the installation of all these parts In the trame, the 
adjustment of each to Its new position, the attaching ot all springs. 
wheels, running-boards, foot-rests, steering gear, and the wiring and 
piping of the motor, it will be realized that the system and equipment 
employed In this department must t>e perfect la every restKCt, in 
order to turn out this amount ot completed work. 

The headquarters ot the assembling department may be said to 
lie In the finished stock room, which, occupies a large section ot the 
floor of the main factory on which the assembling room proper Is 
located. To this flnlehed stock room come all finished parts such as 
nuta, bolts, screws, front axles, springs, and wheels, and the pre- 
viously assembled motors, transmissions, steering gears, and rear 
axlea. These are all classlSed and placed by themselves, the smaller 
parts being kept In bins which extend In long rows down one end ot 
the room. Lists pasted in conspicuous places along these bins show 
the exact number ot each size and kind ot bolts, nuts and other pieces 
required for the various models of cars made here, and hand trucks 
having bodies divided Into compartments are drawn down past the 
bins and filled with the necessary num.ber ot small parts tor two cars. 
In the larger divisions of the truck box or body are placed the axles, 
steering gear, running boarda, toot rests, and other bulky parts of the 
car. Each truck is filled with a sufficient number ot the proper parts 
tor the complete assembly of two cars and is tben rolled into the 
assembling room, adjoining the stock room, and placed between two 
pressed steel frames vhich form the foundations, as It were, ot the 
two chassis to be assembled. Having received the required number 
of parts of the proper kind, three men now devote their entire tl/ne 
to assembling the two chassis — and it is here that the advantages of 
"team work" are exhibited. Having become accustomed to this method 
ot assembling, each man knows just what he Is to do. and always has 
the other chassis at hand to which he can turn hia attention when he 
Is liable to Interfere with the work of bis two companions. It is 
highly sppcialized work, each team of three men devoting their whole 
tlnic and energy to tho installation and adjustment of the various 
parts of two cars until they are ready for the road test. As the three 
men finish the drst two chassis, another truck is brought in contain- 
ing parts for two additional cars, and the team then devotes Its atten- 
tion to cars three and four. The motors are not included In the quota 
of parts comprising the truck load, but are carried in separately by 
differential hoists which travel on overhead tracks and pass in two 
lines down the sides of the assembling room in front of the two rows 
of chassis. When the frame is ready tor the installation of its motor, 
the latter is lowered In place. This system renders each cap independ- 
ent of the stock room after the truck load ot parts has been received. 
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and the work bench, vise and kit of tools near every chassis reduce 
to & ^minimum tbe number of steps necessary to be taken by each 
workman. 

The arrangement of the rests for holding tbe rrames rigidly In place 
Is very Ingenious and entirely does away wltb tbe use of saw-horses 
or other movable and bulky supports. There are four of these sup- 
ports for each frame, as shown In Fig. 35, and when not In use, one or 
all may be let down Into the floor. Each of these supports consists 
merely of a vertical Iron rod, bent at right angles at Its upper end 
and foiled into the shape ot a hook. A corner of the frame rests 
on this horizontal portion of the rod. while the hooked'Shaped ends 
ot the two opposite supports prevent lateral motion In either direc- 



tion. Each rod Is supported by a pin passing through it at the proper 
distance from the end, which rests across the top of the base-plate 
which Is bolted to the floor and through which the end of the rod 
passes. By giving a partial turn to tbe rod. the pin Is allowed to pass 
through a slot in the base-plate, and the whole support Is thus dropped 
tlntll Its top is flush with the floor. In order that the supports may 
accommodate Ihemaelves lo various lengths of frames, the rear pair 
ot every set ot tour Ijase-plates is made with four seta of holes. In 
any ot which the rods may be placed. Tbe sets of supporta are placed 
at such Intervals along the floor that sufficient space between the frames 
la allowed to enable two teams of men to work on adjoining cars with- 
out interference. While It may seem a small matter, the facilliy with 
which these supports may be put In place, adjusted or removed from 
the floor helps to make possible, in no uncertain degree, tbe record 
for the rapid assembly of cars ot which this factory c 
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Atthough not a part ot the aBsemblIng room proper, the department 
In which the pressed-steel [ramea of channel-sectloD are prepared for 
the chaeslB. has an Important part In tacllftatlng quick osBembllng. 
When the frames arrive at the factory, forty or fifty holes must be 
drilled for the various parts which are to be attached, such as the 
gear shift, brake levers and thetr supports, the motor, transmission, 
running boards, fenders, lamp brackets, springs, and the like. Most 
of these, with the eiceptiou of the motor and transmission, are riv- 
eted In place before the frames reach the assembling room. These 
operations are performed in the frame riveting room, which contains 
several unique and Ingenious arrangementB that, so tar aa efficiency 
is concerned, bring this department on a par with the aasemhllng 



room. The frame la first placed on a set of supporto similar to those 
used In the assembling room, except that a tension rod and turn- 
buckle connect both pair of rods for the purpose of holding the frame 
more rigidly in place. A single track over this set ot supports car- 
ries a differential holat. from which is suspended a large jig (see Fig. 
37) containing a guide hole corresponding to every hole necessary to he 
drilled In the sub-frame, which carries the motor and transmission. 
This jig Is clamped securely in place and the holes drilled by means 
of pneumatic drills con-.iected to Ilexible piping. When all the holes 
arc drilled in this manner, the frame Is removed to another set of 
supports a tew feet distant, where it Is held rigidly in place in the 
same manner ^s that before described. Above this second set ot sup- 
ports Is an oval track of the same length and width as the frame. 
From toe traveler on this track Is suspended a cable terminating In a 
single pulley through which passes a chain. On one end of this 
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chain Is a heavy, penumatic riveter, wtilch 19 connterbalanced by an 
Iron wetgbt attached to the other end ot the chain. This eA&bles the 
tool to be placed at any height desired without unnecesBary exertion. 
A amall forge (not shown Id the lltustratlon) In one corner ot this 
room heats the rivets before they are driven into the frame. By 
means of the oval track and pulley, any vertical or horizontal plane 
bounded by the frame may be reached with the riveter, and four or 
Ave men In this department are usually able to keep the asacmhling 
room supplied with the required number of frames. After being fin- 
ished in this department, however, the frames In all cases are taken 
directly to the flntshed stock room, from wliich they are drawn out 
to the assembling room as needed. This stock room, In facts, acta as 
a sort of clearing house for the whole factory, and no part ever 
reaches the complete car until it has been inspected, checked and en- 
tered in the stock room records. 

The keynote of this system la specialization. Every man knows 
what he has to do — and be does It. There is no overlapping of de- 
partments. It Is scarcely ever necessary for the men in the assem- 
bling room to step Into the stock room, and the men In the stock room 
are supposed to keep the men In the assembling department supplied 
with the necessary parts for the cars that have been ordered to he 
finished that day. Each team in the assembling room follows Its two 
cars through until they are ready for the road test, and It is then easy 
to place the responsibility for any defect where It belongs. When 
this system Is supplemented with such labor and apace saving devices 
as are used In the assembling and frame riveting rooms, and when, 
at the head of it all Is able, eflieient and experienced management, one 
can begin to understand the conditions which allow (be Immense In- 
crease in production and the reduction In coat of the American -made 
motor ear of to-day. 
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TBEATMBNT OP GBAES FOB AUTOMOBILES" 

Tbere Is probably no part of an automobile tbat 1b subjected to 
more use or greater abuse than the transmlasloD. Carrying as It does 
practically all of the power developed by the motor, and, receiving at 
the hands of a careless driver the strains imparted by a suddenly 
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applied load or a too rapid shifting of the speeds, it Is small wonder 
that the gears of the transmission must be made of the highest grade 
of materials, and that the care and workmanship bestowed upon each 
must be of the best. The ordinary automobile transmlsaloo consists 
of a series of different sizes of spur gears mounted on two parallel 
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sbaftB with means for sliding the gears on one shaft Into mesh with 
those on the other, as desired. Id this manner various speed ratios 
are transmitted from the motor to the main driving abaft, although 
on the majority of automohtles the high speed drives the car direct, 
without the interposilton of any of the gears o( the transmission. 

As a saving In weight la an Important factor to be considered In 
the design of a transmission, the gears must be made as small as 
possible and yet be sulBclently strong to carry suddenly-applied loads 
with no attendant danger of breaking. Owing to the methods by 
which the speeds are changed, and the clashing and "bruising" which 
take place when the gears are slilfted, tbe transmission must also be 
made of a material which Is bard as well as tougb. Different kinds 
of steel have been used and each has been treated by varlotis methods 
In an effort to discover the perfect gear material, but although this 
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Is yet to be found, the transmission of a modern, well-made automo- 
bile, when intelligently handled, will last nearly as long as the car 
itself. Of the various kinds of carbon steel which have been em- 
ployed for transmlSHlon gears, nickel, chrome-nickel and slllco'man- 
gauese seem to have more adherents among the leading builders than 
any other materials. In moat factories the gears are case-hardened 
after being cut, and In this manner the combination of toughness 
with the desired hard surface is obtained. Gears which have been 
treated in this way have been taken out of cars after having been 
run many thousands oC miles, and in some instances, the original tool 
marlts on the faces of the teeth were BtlU visible. 

Methods employed for cutting gears in automobile factories do not 
differ in any essential features from tbose used in any well-equipped 
machine shop or manufacturing concern. Most of the automobile 
makers purchase their transmission gear blanks outside and cut and 
finish them In the factory. Many of these blanks of special steel are 



obyGoogIc 



TREATMENT OF GEARS 43 

Imported trom Prance, but a few of the leading factories have labora- 
tories of tbelr own in which experiments on bigh-tjnallty materials 
for transmission purposes are continually In progress. Six or seven 
spur gear blanks ot tbe same size are generally placed on the man- 
drel of the cutter at once. A continons cut extending throughout tbe 
widtb of all these blanks Is then taken for eacb tootb, and In tbis 
manner six or seven gears are fintsbed at once and are made abso- 
lutely uniform. 

After tbe teeth have been cut, the gears are taken to tbe heat treat- 
ing room to be case-bardened. In the Middle West, and a few other 
sections, many of the case-hardening ovens are beated by natural gas 
obtained from near-by welle. In the Maxwell factory, at Newcastle, 
Indiana, a special machine has been installed lor tbe manufacture 
of gas from "distillate" — a hydro-carbon obtained from tbe oil refin- 
eries. This machine Is set up in the power house connected with the 
factory, and the gas Is stored In a tank located In the same building. 
It Is conducted (rOm here to the heat-treating ovens In which It ia 
used lor case-bard enicg. tempering and annealing. Still another 
method for obtaining heat for the ovens is In use at tbe Ford fac- 
tory, in Detroit. Petroleum, or crude oil, la vaporized and forced by 
air pressure into a series of special burners located under the ovens. 
By regulating the amount of air or vapor or both, tbe ovens can be 
kept at a .uniform temperature, or the amount of heat generated mar 
be varied at will between almost any limtts. The temperatures of 
the ovens are Indicated by an electric pyrometer connected with eacb, 
and pieces to be case-bardened are kept at a heat of 1,6U0 degrees F. 
tor a length of time which depends on the depth below the surface to 
which it is dealred to carry the treatment. 

In several factories the flnal operation bestowed upon the gear, 
before assembly In tbe transmission or the motor, Is the sand blast 
which serves to scour oft any roughness or stains which may have been 
left on the surface during the cutting or the heat treatment. In the 
National factory, at Indianapolis, this operation is conducted in a small 
building separated from the remainder of the shop. The sand is kept 
in a bin in one corner and Is sucked up by a centrifugal blower and 
forced by the air pressure through a pipe which terminates In a noz- 
zle. The sand, being forced out at high velocity by the air pressure, 
may be directed at all parts of the pieces to be cleaned. This is one 
of the most efficient methods of polishing and finishing a gear and 
does not Injure the hard metal surface in any way. 

As silence of operation of all moving parts is one of tbe principal 
requisites for a motor car of to-day. It is necessary that the teeth of 
all gears shall be made to mesh perfectly and smoothly with all of 
those on the other gears with which they came in contact. In order 
to obtain silence of operation, the gears are run with each other for 
some time and each tooth is worn to a more perfect fit. The first tew 
weeks of operation by the; customer would wear the gears in properly, 
but, in order to produce a perfect car, this Is done before It leavM 



:., Google 



44 .Vo. $9-AUT0M0BILE MANUFACTURE 

the factory. Most of this "running in" ol the gears can be accom- 
plished by the thorough road teat to which the whole car is aub]ect(>tl 
before leaving the shop, but many of the leading factorieH supplement 
this with additional methods for obtalninj; the required wear on the 
transmission. A special Irame is used In the Marmon factory, in 
Indianapolis (see Fig. 40), In which the transmission, driving sbaft, 
dlfTerential, and rear axle and wheels are set up. An Idler and a 
driving pulley, with a belt shifter, are attached to the front end of 
the transmission Rhaft and connected by belt to a countersbatt driven 
from the main line shafting. When the power is applied and the dif- 
ferent speeds of the transmission are thrown into mesh by the shift- 
ing lever, every gear of the whole car, with the exception of those 



used on the motor, will be set in motion. The gears of the engine are 
worn In when It Is operated under belt power before Installation in 
the chasslB. Somewhat the same method ie pursued in the Packard 
factory, in Detroit, the only difference between the two twlng that 
here, instead of allowing the wheels to run tree, a brake is attached 
to tlie end of the driving shaft by means of which a variable load 
may be applied to the gears In mesh. A section of the testing room 
Is devoted to this purpose, and as the transmission and rear axle are 
assembled, they are brought In, placed on special frames provided for 
the purpose and connected by belts to the overhead ahattlng. As the 
gears of the transmission and differential are run In, the loads are 
increased until all are worn pertectly smooth. 

Before their final Installation In the motor and transmission, all 
•of the spur gears for the Wlntcn cars, made In Cleveland, are set up 
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In a special case and run Id under belt power. The bearings In theae 
special cases are set at the proper distances apart lo accommodate the 
various gears ot a train, thus wearing In the gears so that all ol those 
for similar parta are absolutely Interchangeable. The case Is .made 
oil tight and a mixture ot finely powdered emery and lubricating oil 
la ted through an opening In the top bo that this grinding material 
will come In contact with all the teeth of the gears in mesh in the 
train. This grinding Is continued until each tooth has been worn 
perfectly emooth and to an accurate fit with the teeth ot the other 
gears with which It comes In mesh. For the gears used in the front 
at the motor to drive the cam, pump and magneto shafts — gears which 
always occupy the eame relative position in regard to each other — 
a tooth ot each Is marked when In the grinding case with the corre- 
sponding teeth of the others with which It meshes. This is done so 



that each gear of the train may set up tn the motor in the some corre- 
sponding position as that occupied while being worn to a perfect fit 
with the others In the cage. It Is evident that every tooth cannot be 
of eraclly the same size and shape, and It each tooth is allowed to 
mesh with those with which It came In contact while being ground, 
more perfect rolling contact will take place and less friction and 
noise will result. The marks made on the gears are also useful tor 
timing the. magneto and valve cam shafts when an occasion arises 
necessitating the removal ot any ot these parts from the motor. Of 
course. It Is Impossible to carry this practice to the transmission, tor 
most of the gears on one shaft revolve Independently ot those on the 
olher. and it is very seldom that the same teeth of two gears will 
come Into mesh on succeeding occasions. This practice, however, may 
be applied to the bevel gears of the driving abaft and rear axle and 
the pinions of the differential. As a further means ot wearing the 
gears of the transmission to a perfect fit, the motor, transmission and 
driving shaft are installed In the chassis as shown in Pfg. 41, and 
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the motor Ib run wbile the varlouB speeds of tbe transmisBiOD are 
thrown into mesb Id order to wear In every gear thoroughly. During 
this run an electric dynamometer, by means of which a varlahle load 
may be applied. Is connected to the end of tbe driving ehatt. 

An ingenious device for teatlng the accuracy of gears ta used in tbe 
factory of the Orabowsky Power Wagon Co., of Detroit. This consists 
of a standard bavlng three pins or bearings set in it on wblcta the 
gears of the transmlsBlon are placed as shown In Fig. 42, thus form- 
ing a replica of the planetary transmission as used in the car. Tbe 
middle upright bearing Is stationary while each of the other two is 
movable In a horizontal direction and is connected to a micrometer 
at either end ot the base of the instrument. A master gear la set 
on one of these hearings, while the pinions to be tested are placed 
on the other two. When tbe two movable bearings have been so 
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adjusted that all of tbe gears mesh perfectly, the readings ot the 
two micrometers may be observed and the amount, in thousandths 
of an Inch, by which the gears are "off" may thus be determined accu- 
rately. Ceriain limits of variation are necessarily allowed, but If any 
gear Is below one or above the other. It is thrown out. Inasmuch as 
the distance between the centers of the gears must be constant In tbe 
transmission case, this instrument Is useful in determining Juet what 
gears are acceptable vlthoul the neceaslly of installing them In tbe 
case. 

Many ot tbe gears used In the forward end of the motor for driving 
the cam, pump and magneto shafts are made ot manganese-bronze. 
The Premier car, however, made In Indianapolis, employs a laminated 
gear for tbe magneto shaft, built up of alternate layers of bronze and 
fiber. These layers are pinned firmly together and the gear Is then 
cut by the usual methods. This makes an exceedingly quiet-running 
gear, as tbe layers of fiber or rawhide 'cushion the impact of tbe teeth 
as they meet, and the whirring or grinding sound familiar In many 
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all-metal gears la practically ellmlDated. It has beeo found hj means 
of a Berlea of exhaustive tests conducted In this factory that the silent 
nmnfng of this gear la brought about by a slight rounding or "bulg- 
ing" of the face of the rawhide sections caused by the absorption of 
the lubricating oil In the pores of the fiber and the pressure against 
its Bides. This, as mentioned above, effectually cushions the Impact 
of the teeth, but If this bulge becomes too great, the teeth will not 
mesh properly, there will be a tendency to "]am" and more friction 
will be set up than vould be the case were an all-metal gear used. 
Of course the wider these fiber sections are, the greater will be the 
bulge to each, and It has been found as a result of these experiments 
that laminated gears composed of layers of rawhide about % of an 
inch thick, alternating with bronze disks of the same dimensions. 
give tbe best service for this purpose. When sections of this thick- 
ness are used, a sufficient bulge Is formed to cushion the Impact satis- 
factorily, and yet this la not great enough to change the shape of the 
teeth materially. These exiierlments are still In progress at tbe fac- 
tory in question in order the more accurately to determine other facts 
and figures concerning the best form of laminated gears, and this is 
only one of the many instances which give evidence to the fact that 
the American motor car. manufacturer Is now fully awake to tbe im- 
portance of paying attention to the most minute details of design. 
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CHAPTER I 



DESIGN AND CONSTRUCTION OF A 
HIGH-GRADE MOTOR CAR* 

Tbe following description of a 40 H. P. automobile, built by ttie 
Stevens-Duryea Company, ot Chlcopee Falls, Maea., may, except Tor 
certain Important detaile wblch will be epeclflcally mentioned, be 
taken as typical of tbe design of blgb grade cars in general. In Fig. 
1 Is shown a side view of the "Model Y," 40 horsepower, slujyllnder 
machine, with 36'lnch wheels and 142-Iiich wbeel-baee. An automobile 
may be divided into two parts — the body and the "chassis." The former 
is the product ol tbe carriage-maker's art, the latter of the mechanic's 



and englneiT'g. The chassis of this machine is shown in Figs. 2 and 
3, to which reference will now be made. 

The mechanism and body ot the car are supported by a frame whose 
side members, of chrome-nickel Steel, are shown at A. These are 
connected by four cross pieces, and are supported on the front and 
rear axles by the spring connections shown. The cross pieces are 
also pressed from chrome-nickel steel, and are hydraulicaliy riveted 
to the side frames. A platform spring suspension is" used at the rear, 
hung on connecting shackles designed to overcome the side roll met 
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available horsepower per bundredwelght of toad. It aleo permUa the 
power plant to be aBsembled as a whole and to be bolted In place with- 
out fitting. Thla construction, which Is the distinctive point In the 
design of this motor, has been successfully followed b; the builders 
tor the last five years, and it Is one of the things which serve to give 
an attractive mecbanlcal appearance to the whole mechanism. Only 
one double set of universal Joints Is required, that connecting the 
propeller shaft with the transmission gearing at one end, and the 
difterentlal gearing at the other. 

The cylinders are grouped In three two-cylinder castings C, bolted 
to the crank case A'. As is common with internal combustion engines 
In ordinary practice, they are water Jacketed, there being a continuous 
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at Die forward end of the crank-shalt, as here sbown, la unusual, the 
common construction being to locate it between the crank-shaft and 
the clutch. It tends, In particular, to bring more of the weight onto 
the front wheels, oil from the heavily loaded rear wheels of the ma- 
chine, and permits the reducing of the clearance over the roadbed In 
the renter of the chassis, where there Is the greatest danger of strik- 
ing on high water-bars, railroad crossings, etc. It will be readily 
seen that more clearance Is required at the center of the machine 
than at the axlea. when crossing a hump In the road. 

Lubrication, Ignition, etc. 

Two shafts mounted In the crank casing, one on each side, above and 

parallel to the crank-shaft, are driven from It by enclosed gearing. 




The one at the side shown In Fig. 5 Is the cam-shaft and Is provided 
with twelve sets of cams for operating the six Inlet and six exhaust 
valves, whose stems and closing springs are plainly shown in the 
engraving. The driving gear of this cam-shaft is also connected with 
a pinion on the armature shaft of the magneto, whose function will 
be described later. The shaft on that side of the machine shown In 
Fig. 4, Is known as the lay shaft. Its omce Is the driving of the timer 
V. which controls the Ignition, the driving of the forced lubrication 
mechanism at W. and of the water Jacket circulation pump 0. 

The lubricator gives a forced oil supply with sight feed, and Is 
always In operation when the engine Is In motion. The six-throw 
crank-shaft is mounted In four bearings in the crank case, with two 
cranks between each pair of bearings. The boxes at these points are 
connectPd with the lubricator W. The lower half of the crank case 
forms a reservoir for the oil escaping from the main bearings. The 
connecting-rod splashes Into this and thus supplies the pistons, con- 
necting-rod bearings,, etc., with the necessary lubrication. 
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The Ignition In each cylinder is effected by either of two systemB, 
the one b; storage or dry battery and Induction coll, and the other 
by meana of a magneto JJ connected by gearing with the crank-ahaft. 
The battery and spark coil Is used In starting, while the magneto Is 
used for regular running. The spark colls and Bwltches are located 
OD the daehboard. A lever on the steering wheel, as will be described, 
' is connected with the commutator or timer V, which dlBtrlbutes the 
current to the six cylinders In such a way as to enable the operator 
to advance or retard the spark at will. 

The CBrburetor and Fuel Supply 

An important and rather delicate piece of apparatus essential to the 

operation of the gasoline engine, Is the carburetor, shown at X In 



Fig. 5. This receives a supply of gasoline through a feed pipe from 
the tank {see Fig. 2), a supply of air through T heated by the- 
exhaust gas for vaporizing the gasoline, and a supply ol fresh air 
to furolsh the oxygen for the charge. The gasoline is received In a 
float chamber, where the level of the liquid Is maintained by a suitable 
float and valve. An automatic valve provides for a constant propor- 
tion of oxygen and fuel at widely-varying epeede. The carburetor Is 
provided with a throttle which controls the needle valve connection 
in the feed pipe, together with the butterfly valve la the suction to 
the cylinders, thus providing the driver with means for varying the 
amount of charge furnished the machine; this controls the speed 
without shifting the gears In the transmission case. The automatic 
air valve is controlled from the -seat by a handle y on the dash-board, 
which permits the obtaining of a proper mixture tor the starting. A 
button at the front of the radiator, where the machine Is cranked for 
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Btartlng, also provides means for flooding the carburetor with fuel 
for a send-off. The throttle Is controlled from a lever on the steering 
wheel, concentric with the spark control lever, or from an "accelerator 
pedal" on the foot-board. 

The gasoline supply tank la located under the front seat. It con- 
tains a partition near the bottom which saves about tbree gallons out 
of its twenty gallons' capacity, for use In emergency. By the manipu- 
lation of cut-off valves passing through the left side frame of the 
chassis. It Is possible to use this reserve supply after the tank h'as 
been otherwise exhausted. This provision la a great comfort to the 
motorist at critical times. 

Tbe Clutch and the Tranamisalon Oearlnff 

In casing E Is mounted the clutch Z (Fig. 7) connecting the engine 
with the transmission to the driving wheels. This is ol the multiple- 
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disk type, with alternate disks keyed to the driving and driven mem- 
bers. The driving disks have a wired asbestos facing which makes 
a superior friction surface, and gives a high resistance to heat as 
well. This construction obviates, and in tact makes Impossible, the 
use of oil In the clutch. The friction surfaces are held in engage- 
ment by a spring, and are released by a pedal B„ which projects 
through the foot board at the driver's aide of the machine. The 
Spring Is so proportioned as to give a smooth, easy engagement, en- 
tirely out of the control of the driver, who thus flnds It Impossible 
to start the machine with a sudden shock. Tbe second foot lever, C„ 
Is connected with tbe rear wheel brakes, aa will be described. The 
driven member ot, the clutch Is connected with the driving ahalt in 
tlie transmission case or speed box F. Contained within it is a mechan- 
ism which, by the aid ot the sliding gears, clutches, etc., permita of 
the obtaining of three forward and one reverse speed. 

The operation of this gearing will be understood from the sketch 
shown in Fig. 8. Gear A, receives its movement from the clutch- It 
meshes with gear D, keyed to the secondary shaft E„ which Is thus 
In motion whenever the engine Is running and the clutch is engaged. 
This shaft carries also gears 0„ H,, and W,. the latter of which drlvaa, 
•In turn, the Idler X,. Squared shaft 5", is directlj- connected by means 
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or propeller shaft J (Fig. 3) and the universal iolnts with the rear 
axle. Oa T, 1e mounted the double sliding gear Z,. Clutch teeth are 
provided Iq the faces of the gears J., and J,. 

In the position shown in Fig. 8, the transmission is in the neutral 
position. GO that the motion from the clutch is not traDsmltted to the 
axle. The right-hand end of shaft 5", lies loosely In the reTolving gear 
A,. When the sliding gear Is thrown to the extreme right, the clutch 
facfs of A, and J, are engaged, so that shaft V, Is driven directly, 
and at the highest speed, from- the clutch. By shifting It a step to 




the left, J, 1b thrown into meah with G„ thus giving a lower rate of 
speed through the back gear shaft E,. A still further movement to 
the left, past the neutral point shown in the engraving, brings Z, 
Into engagement with H,, giving the lowest forward speed. A final 
movement to the left engages Z, with idler Z„ thus reversing the 

The shifting of gears Z, and J, le effected by a forked lever con- 
nected with lever A, (Fig. 9) at the side of tbe machine, which thus 
controls the speed changes. This lever is provided with a latch con- 
■nected with a pin In the slot of the quadrant B„ operating In a man- 
ner easily understood from tbe engraving. It will be seen that It Is 
possible to move between the reverse and tbe lowest speed, or between 
the second and the high speed, without touching tbe latch, and It is 
possible to make all the movements rapidly and precisely by the 
sense of touch without looking at the quadrant at all. 
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Th« Differential Drive 

Propeller sbsft / leads from the transmission case F to dlflerentlal 
case K on the rear axle. The bevel gear If, (Tig. 11) Is connected 
nlth the tvo rear wbeela by a differential mechanism, whose function 
It Is to give an equal tractive force to each of the two wheels, but at 
the same time to permit either of them to run ahead or lag behind 
the other as may be required in rounding curves, riding over obstruc- 
tions, etc. The principle of this mechanical movement will be under- 
stood by referring to Fig. 10. 

Referring first to the sketch at the left, N, is the pinloa on the pro- 
peller shaft and JIf, Is the driven bevel gear, concentric with the axle. 




TjpBS Of DLfftoT«lltJ^ 0«&riQff 

This gear and shell 0= to which it Is bolted, revolve freely on the hubs 
of E, and Ff Within tbe shell are mounted radial pivots on which 
revolve, loosely, bevel pinions D.. These engage with bevel gears B, 
and F.,, connected respectively wttb the right- and left-hand axle 
shafts T,. It will be seen that under ordinary conditions the rotating 
of gear M, carries gears E, and F, along with It, by the pull exerted 
on them by the bevel pinions D„ which are stationary; thus the two 
rear wheels are driven at tbe same rate of speed. Suppose now that 
tbe right-hand wheel he held from turning, so that gear E. Is station- 
ary, then tbe rotation of bevel gear M, will roll pinion D, about on B, 
with a compound action, which will give F, twice the rate of speed 
it had before. In the same way, F, xan he held from revolving, in 
which case E, will have twice Its normal speed, or either of them 
may he stowed down, in which case the other Is si>eeded up corre- 
spondingly. The driving force on both wheels, however. Is always 
the same. 



.y Google 



DESIGN OF A HIGH-GRADE MOTOR CAR 



13 



Ad alternative form of this device Is ebown at tbe rlEht of Pig. 10, 
In which each of the bevel gears D, la replaced by a pair of apur pln- 
lona D, and D'„ meBhlng wltb each other and with spur gears £t 
and F, as shown. A little study will show that the action of thla 
device fs Identical with that shown in the sketch at the left of the 
Ogure, the only change being the employment ot spur gearing In place 
of bevel gearing. The differential used on the Stevens-Duryea ma- 
chine is of the second or spur gear type. 

The Fvill PloatlnK Type Bear Axle 

The differential gearing Is contained in the casing 0„ which forma 

the central member of tbe axle. Tubular extensions to both sides 










carry the spring supports P, on which tbe weight of the car rests. 
The brake flanges Q, and the wheel bearings at Jf„ all of which are 
solid with each other, are non-rolatlng. The rear axle, however, ia 
permitted to rock in spring supports P,. The torque rod or tube S„ 
which Is fast In case 0„ extends toward the center of the cbaaalB, 
where U Is hung in a spring suspension as seen In Fig. 3 permitting 
a limited vibration up or down, with a constant force urging it toward 
a central position. This construction furnishes the resistance against 
the climbing ot pinion TT, on bevel gear 3f,. In case of sudden start- 
ing or stopping, a limited amount of climbing either way la permit- 
ted, the torque rod being raised or lowered against the spring pres- 
sure to correspond. This greatly decreases the danger of gear breakaj 
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The constrnctlon just described betonge to wtiat la known ae the 
full floating type axle. The wheels are mouuted on ball bearings on 
stationary Journals R,. Shafts T, are provided with squared driving 
ends engaging sockets In the differential gearingin casing 0, at one 
end, and similar sockets cut In driving dogs [T, at the other end. 
These latter members have driving slots engaging dove-tails In the 
bubs ot the wheels, to which tbe power is thus transmitted. The 
squared ends of shafts T, are rounded to permit a slight rocking 
movement In their sockets In tbe differential gearing and driving dogs 
17,. This permits the springing ol tbe rear axle under the load with- 
out cramping the driving mechanism. 

To allow lor tbe springing of this axle under tbe load, tbe two 
sections of tubing on either aide, between members O, and Q, are 
held In bored seats which point downward at an angle of ^ degree 
from tbe horizontal on each side. Thus the rear axle -wheels point in 
toward each other at the bottom at an angle of % degree from tbe 
vertical, giving a much better appearance than would be the case It 
they should by some mischance point the other way. It would take a 
load In excess of any which would ever be applied to spring the axle 
and bring the wheels into the vertical plane. It Is stated that when 
the wheels are exactly vertical, they have the appearance of being 
sprung out at tbe bottom. Into the position occastonally seen in a 
vehicle of the "one-horse-shay" type. 

The Brakes 

The brake mechanism of the automobile Is ot the utmost Import- 
ance, as Is realized b; anyone who has had anything to do with these 
machines whether as driver, passenger or pedestrian. It Is usual to 
provide two complete sets of braking macbanism, one' for regular use 
and the other for emergency. That for regular use Is controlled by 
the foot lever C, (see Fig. 4|, which Is connected with a reach rod 
leading to double cranks on a transverse rock-shaft at V, <Flg. 3>. 
One section of this rock-sl^pft Is connected with tbe brake at the right 
side of tbe machine, and the other at the left. An equalizing lever 
between tbe two insures an even pressure on each of these two brakes, 
even though one be much more worn than the other. The brake is 
of the hand type, applied to tbe outside of a brake rim fast to the huh 
of the wheel. The emergency brake Is operated by lever C, (Fig. 2). 
This, by means of a second rock-shaft concentric with V„ controls 
internal expanding ring brakes In the bubs of tbe wheels. 
Tbe Control of the Machine 

Tbe steering gear wilt be best understood from Figs. 2. 3 and 12. 
The wheel F, is mounted on a tubular shaft which carries at. Its lower 
end a worm engaging the segment of a worm-wheel O, In casing K^ 
To the hub ot this segment Is connected a bell crank H, which, 
through the operation of the steering rod L, (see Pig. 2) and suitable 
connecting cranks and links, turns the front wheels to the right or 
left as may be required. Spring cushions are provided at tbe ends of 
steering rod L, so that sudden shocks and twists of the wheels an 
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Dot transmitted to tbe worm -gearing and the steering wheel, even 
when traveling at a high rate of speed. Aa most mechanics doubt- 
less know, the renter line of the pivots about which the wheels are 
ewiveled meets the road at about the point where tbe tire touches it. 
Thle makes It possible to turn the wheels easily when standing still, 
and decreases the danger of accident while running, as well. 

As previously Stated, tlie throttle control and the timing of the 
spark are effected from levers placed at the hub of the steering wheel. 




- Lever K. controls the throttle. This la mounted on a tube passing 
through the steering wheel tube and connected at Its lower end by 
bevel gear segments with a bell crank Li, which is, in turn, con- 
nected by suitable rods and levers with the carburetor. Inside o( the 
throttle lever tube is still another fixed tube on which Is mounted 
tbe segment M,, which is thus held stationary. Ttils Is provided with 
notches tor locating lever Ei, and lever J. as well, which latter con- 
trols the timing of the spark. This Is mounted on a rod which passes 
through the center of the system of tubes and is connected by bevel 
segments with lever N, leading to the commutator or timer T. 
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It may be well to recapitulate aa to tbe functions of the levera. etc, 
used In tbe control ol the machine. At the tront of the radiator Is 
the crank by which the motor Is turned, for starting. Bj the aide 
ol ft is a button connected with the carburetor, for flooding the latter 
at starting to obtain a rich mixture on the flrat stroke. On the dash- 
board la mounted a lever y. for Betting tbe automatic air valve to 
.supply the proper amount of oiygen for starting. Beside It id a 
switch for throwing tbe ignition spark from the batter; to tbe mag- 
neto when the machine Is changed from the starting to the running 
condition, and vice veria. On the dashboard are also mounted tbe 
sparic coils. Through the foot board project the two pedals B, andO, 
controlling tbe clutch and the operating brake respectively, as de- 
scribed. Hand lever G, and A, control the emergency brake, and the 
speed changes respectively. 

Two small pedals are also provided on the foot board. One of 
these la connected with tbe throttle In such a ^'ay that this may be 
controlled by the toot Instead of by the hand if required. It la called 
the accelerator. By its uee, when the hand throttle lever has been 
set to a certain point, the valve may be opened clear out to the maxi- 
mum, as desired, by the foot, thus giving Immediate control under 
varying conditions of traffic. The other pedal operates a valve which 
cuts out the muffler. This is occasionally done to make the exhaust 
audible, tor flndlng out how the engines are working, and also for 
removing the back pressure, and thus giving every ounce of power 
possible on critical occasions. 

These levers, pedals, etc., with tbe main and supplementary gaso- 
line supply valves previously mentioned, give the driver complete 
control of a powerful, swift machine, if he has the knowledge, experl' 
ence and nerve to use them properly. 

Oenerol OonBlderatlone in Automobile Design 

A glance at tbe illuetratlonB will serve to show that the chassis 
of the modern high-power automobile Is a rather complicated, highly 
specialized, and carefully designed piece of mechanism. It is within 
tbe memory of the child in kindergarten when this was not the cose, 
and tbe writer has painful memories of his duties as consulting phy- 
sician to one of tbe best of the machines In existence six years ago. 
At that time, tbe mechanism of the automobile did not have the homo- 
geneous, appropriate structure that the successful machines of the 
present day possess. It had a gasoline engine, an epicyclic speed 
change mechanism, a Jack-in-the-box differential gear, and chains 
leading to the rear wheels of a "horseless carriage." Over the mechan- 
ism thus described wandered a maze of levers, braces, pipes, wires, 
etc., supported at Intervals at any part of the mechanism which hap- 
pened to be In convenient reach. That, however, was before the auto- 
mobile "found Itself." The present development has been the resnlt 
of the experience of many men with break-downs and failures, as well 
as of an enormous amount of theoretical work in the matter of test- 
ing of materials and analysis of conditions. These theoretical and 
practical results have been combined on the drawing board, and the 
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r«eultlns macbloe has th« appearance of having been designed rather 
than Blmply bulll. 

The guiding principles In the design of the automobile relate to 
Btrengtb, power, ligbtnese, durability, accessibility, and economy in 
operation. The matter of economy in construction and materials Is 
about the last thing to be thought of, Instead of the flrst, as with 
numy other classes of machinery. Tbe severe and often reckless usage 
received by one of these macblnes demands special treatment In the 
design and construction vbtcta abonld not ordinarily be necessary. 

As an illustration of what bas been said In this respect, attention 
may be called to the method of connecting the driving membera of 
tbia macbine, from the engine through to the wheels. In no place 
throughout the length of the chassis are keys used for this work. Reli- 
ance is everywhere placed on square ]olQte or doVetalled flanges. The 
crank-ebaft is connected with, the driving member of the clutch by a 
square taper socket The driving member of the clutch Is connected 
by a square socket with the driving shaft of the transmission gear- 
ing. The sliding gears of this mecliaiilsm are mounted on square 
shafts, and the same squared drive Is used for the universal Joints, 
propeller shafts, pinion shafts, etc., through the Intermediate pinions 
In the differential gearing at if, in Fig. 11, and through driving shafts 
T„ to the driving dogs on the wheel hubs. These latter, as well as 
the side plates of the differential gearing, drive or are driven by 
the engagement of dovetailed teeth. The possibility of the shearing 
ol keys, always present In machine parts subject to shock. Is thus 
avoided.' The makers believe themselves to be the only firm employ- 
ing a complete drive of thle kind. 

In the matter of accessibility, a study of Figs. 6 and 7 will be found 
Interesting. By removing the lower crank chamber casing and turn- 
ing the crank-shaft to the proper position, the piston and piston rod 
may be removed without further trouble, and without removing cylin- 
ders or cylinder heads. The same is true of the earn- and lay-shalts. 
The covers provided tor the clutch and transmission casings give evi- 
dence of care in providing easy means for Inspection and removal of 
all parts likely to need attention. With a well-designed machine the 
man «n his hack under the motor car Is a mere figment of the imagina- 
tion. 
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AUTOMOBILE MANUFACTUBING METHODS" 

Tbe BubBerviency ol man nfactu ring considerations to considerations 
of strength, duTabllity, access Ibllity, etc., mentioned In the preceding 
chapter, results In tbe design of parts nblcb require special and Inter- 
esting provlsloDB for their economical production. Only a few of the 
operations particularly noticed in the Stevens-Duryea factory will be 
described here. They will serve, however, to give an Idea of the gen- 
eral practice [n such work, and will illustrate the Ingenuity required 
for the solution of some of the problems. . 

Operations in the Machining- of Cylinders 

In Fig. 13 is shown a Beaman & Smith combined horizontal and 
vertical milliDg machine engaged In surfacing the base, eihaust and 
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Inlet flanges, and the spark plug basses of a series of cylinder castings. 
The work is mounted in gangs according to tbe most approved 
methods. The picture is chiefly Interesting in that It shows that the 
bullderB take advantage of nbolesale manufacturing methods even in 
tbe building of a $4,000 machine. Of course, an extensive use of Jigs 
and fixtures, besides reducing the coat of manufacture, results In a 
greater uniformity In the product, and thus gives the advantage of 
an easy renewal of worn or damaged parts. 

Fig. 14 shows a Beaman & Smith boring machine with fixtures mount- 
ed on the rotating table for holding four double cylinder castings. 
This table can be rotated and adjusted across the bed of tbe machine. 
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On eacb side ot the table, double boring heads may be ted in along 
the bed, one carrying roughing and the other flnlehlng cutters, the 
feeds and speeds ot the two heads being independent. A set ot two 
castings being In place on tbe roughing end, the head Is fed into 
them and one hole In each casting Is roughed out Tbe work-table le 
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tben sblfted, bj means ot the band-wheel, against suitable stops, ftnd 
tbe other bore of each cylinder Is roughed. The table is tben Indexed 
to bring these castings to the finishing side, where the same operation 
is repeated, tbe boring being here carried to size for grinding. This 
rotating of tbe table, in turn, brings a new set ot tbe cylinders up to 
be rougb-bored. The process Is continuous, the work being removed 
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from the flnlehlDg' side aod new cylinders damped In, while the rough 
boring Is iMing completed. 

For setting out tbe cutters In the boring bars, tbe construction 
shown m Fig. 16, at the left. Is used. It will be seen that a taper- 
headed screw is used for forcing the blades out Blmultaneouslr- The 
cutters B bottom on this taper-headed screw C; fillister head screws D 
serve to keep tbe blades forced down to their bearing on C, and so draw 
them Brmly against the side of the slot By this meane two or more 
blades maj' be set out simultaneously for regrlndlng to eiact size. 
A similar arrangement (see view at the right of Fig. IS) la used for 
cutters In tbe middle of long boring bars, except that tbe taper point 
of a screw tapped into the bar from tbe side, is used In place of the 
corresponding taper-beaded screw in the first case. 
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The bore of these cylinders Is finished In Heald internal grinding 
machines especially built tor this work. These are of the type In which 
the work remains stationary while the axis of the spindle is revolved 
about the center line of the bore and parallel with it, on such a diam- 
eter as to bring tbe outer periphery of the wheel In contact with the 
inner surface of the bore. The grinding spindle is fed out so as to 
rotate In a larger circle as the diameter of the bore is IncreaBed. An 
interesting feature shown In Fig. 15 is the provision of a flexible suc- 
tion tube for drawing out tbe dust of the grinding through the inlet 
and exhaust porta, and also the provision made tor water cooling. 
The water la not applied directly to the wheel, as in an ordinary 
external grinder, but is forced instead through the regular water 
Jacket of the cylinder casting. This reproduces, in a measure, the con- 
ditions met with In actual use, and so tends toward accurate work. 
Macbines and Fixtures fOr Orindlng and Lappintr 

There are other operations of interest in the grinding department 
besides that of finishing the bore of the cylinders. Extensive use is 
made of tbe Pratt £ Whitney face grinding machine for finishing flat 
surfaces; in fact. It has largely displaced the vertical milling machine 
for this work, on parts In which the surface to be finished Is clear of 
projections or obstructions to the sweep of the wheel. The faces of 
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the TarlouB caelnes, covere, Inlet and exhaust pipes, etc.. are finished 
on tble machine. In the past most of these parts have been made from 
castings on which 3-16-lDch of stock had, been left, In accordance with 
the usual practice of milling. The castings come true enough to shape, 
however, to permit of this finish being reduced to 1-16 of an Inch, or 
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thereabout, vhen flnlahed br grinding, thus materially reducing the 
time required. Even when removing 3-16-lnch of stock the grind- 
ing machine has proved Its superiority to the milling machine In the 
matters of cost, finish and accuracy. The foreman of- tbe grinding 
department discovered that a little eiperlmentlng and Investigating 
along the line of the grading of wheels made a tremendous difference 
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In their durability and effectlveneBs in removing meUl. For aluminum 
work a vltrlfled carborundum wheel of about No. 24 grain and grade 
H hardness is used, a soda compound being employed for cooling. 

The cover side of the steering gear casing is one at the parts sur- 
faced OD the face grinder. An exceedingly simple fixture Is used for 
holding it. This fixture, as may be seen in Fig. IT, Is nothing more 
or less than a mass of lead melted and poured around a sample casting 
as B form. The work la set Into the bed, thus prepared to receive 
it, and ta supported on the table by its own weight, no fastening being 
necessary. The castings come uniform enough so that they fit well 
in thla device, except at certain points around the gates and sprues, 
where It Is found necessary to relieve the form slightly to allow tor 
these variations. It may be mentioned that the other or main member 
of the steering gear casing has a bosa projecting above the finished 




surface of the lolnt, making it necessary to mill that surface. The 
Joint la ttans formed of one ground and one milled surface. 

Id Fig. 18 is shown the operation of grinding the boles in the cams. 
It is quite important that the cylindrical portion of the cam shall 
be exactly concentric with the cam-shaft to prevent shock or jar during 
the period when the valves are supposed to be closed. To make sure 
that thla surface Is concentric, the cam Is located by It In the grinding 
fixture as shown. After the fixture has been mounted on the faceplate 
of the machine, the gripping surfaces of the two Jaws at the right are 
ground out by the internal grinding attachment, to the radius of the * 
cydlndrlcal dwell of the cam. The cam is clamped against the surface 
thus prepared, by the lever, which forces a wedge across and down 
upon the cam, holding it firmly Into the corner in both directions. 

It will be seen that this car does not employ the integral cam shaft. 
By giving careful attention to the locating of the cams on the shaft 
and by being careful to obtain a strong drive fit between them, the 
difficulties of loosening and dislocation, which the Integral construc- 
tion is expected to cure, have been avoided. It Is thus permitted to 
cut the cams in a way which gives the best chance for producing accur- 
ate shapes and smooth finish. The obvious scheme shown In the 
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sketch. Fig. 19, Is followed, the operation being performed on a profiling 
machine. The connection between tlie forming cam and the work la 
BO cloae that the difficulties of springing and chattering, met with In 
the construction of the more elaborate machines required tor Integral 
cam-9 halts, are avoided. 

Another faceplate fixture for Internal grinding Is shown In Fig. 20, 
where it la employed for grlndlog the bote 1q the hardened nickel 
steel sockets used for the universal Joints (see Fig. 7, Chapter I). 
The socket la held in the same way as when in use, by a nut screwed 
onto Ita threaded shank. It la also located In the same way, a pin In 
the fixture engaging a slot in the flange as shown. A. limit of 0.0005 
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inch only la permitted In this operation, and an allowance ot about 
0.003 Inch for the depth ot the hole Is the maximum. Just enough being 
permitted for proper lubrication by the grease supply provided. This 
fixture 1b kept In place on the machine practically throughout the 
seaaon. If at any time It la neceaaary to- remove It, however, It can 
again be trued up by clamping a model socket In place, Inserting a 
plug In the ground hole,- and truing up the plug. Tbeae studs are 
held In the same way In the screw machine for roughing out the hole 
preparatory to grinding. The form ot Internal grinding spindle used 
should be noted. One of them is shown detached In Fig. 18, lying on 
the table of the machine. These epindlea and their bearings are self- 
contained, interchangeable and adapted to work In holes of various 
sIzeB. The clutch drive provided rotates the spindle without side pres- 
sure on the bearings. 

Machining* tbe Uembers of tbe Squared Drive 

As previously mentioned, tbe use of keys is eliminated in the drive 

of tbe Steve ns-Duryea machine, their place being taken by square 

sockets throughout. A tapered square drive Is uaed to connect thft 
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crank'Bhaft with the driving member ot the clutch. The method of 
machlnioK this Is shown In Fig. 21. It has been found advisable to 
keep the milling machine set up for tbis work, contlnuoual;, owing 
to the difficulty of making a good taper square flt When the machine 
has once been set, It Is kept so throughout the season. An ordinary 
dividing head la used, as shown, tipped up to the angle of the taper. 
To the faceplate of tbl^B dividing head Is clamped the fly-wheel flange 
of the crank-sliafL The outer end of the crank-shaft Is supported In a 
suitable steady-rest as shown. For shorter lengths of erank, filling 
piecea are employed, having flanges bolted to the faceplate at one end, 
and to the work at the other. The use of filling pieces permits machin- 
ing ot the full line of crank-shafts without disturbing the adjustments. 



FiB. ai. A VerUoU MllUl« MactllDe set up for MUlIng Ibt THpsred 
Qquars DrlT* on tha Crmnk-BhaTt 

The automatic cross-feed is employed in feeding the work past the 
end mill in the vertical milling attachment. The table has to be so 
far overhung that an out-board support Is provided as shown, which 
permits this cross-feed. This consists of a sliding guide, supported by 
two standards, reaching to the floor and provided with jack screw 
adjustments for careful leveling. 

The squared holes of the drive are flnished on a La Pointe broaching 
machine in the usual manner. The further machine shown in Fig. 
23 is engaged in flnlahlng taper square holes in the clutch driving 
flange, this being the member into which the taper squared end of the 
crank-shaft shown in Pig. 21 flts. The hole is Bret reamed out to a 
taper a little larger than the distance across the flat of the Qnlshed 
hole. The work is then mounted on a broaching machine on the flx- 
ture shown in place. As may be seen, the broach cuts one corner of 
the square hole, and one-half way up each of the two adjacent sides, 
Into the relief formed by the taper hole. A dog Is fastened to the hub 
of the work, and the latter Is mounted on a taper plug fitting the hole, 
with the tail of the dog located by a pin In the faceplate of the fixture, 
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tbe latter being mounted on tbe faceplate of tbe macblse at an angle 
aa shown, to agree with tlie angle of the corner of the tapered sides. 

One pass of the broach Unlsbes one corner of the tapered hole. The 
broach la then returned to the starting position, the work Is drawn off 
the taper plug, tbe dog indeied to the second pin on the faceplate, 
the work Is put in position and the second corner broached. This 
operation Is repeated until tbe four corners have been machined, and 
the square hole finished, tbe work being centered on the taper plug of 
the fixture throughout tbe whole operation. A taper square gage Is 
shown lying on top of tbe broach In the engraving. This is used for 
testing the fit of the boles and the accuracy of the work, and a most 
accurate fit Is made on this bj no means easy operation. In tbe 
machine In the foreground, another operation is being done — that tfT 
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broaching the driving slots In tbe driving clutch members tor the mul- 
tiple disks. 

StzlnE Bound Holes In tbe BroacblnK Machine 
Another unusual operation for which the broaching machine Is here 
used. Is that of sizing holes in hard phosphor-bronze bushings. This 
material, as any mechanic who baa had any experience with It knows, 
is as bard on a flnishlng reamer as anything well can be. It is tough, 
elastic and slippery, and tbe less there is to ream the more dllBcult 
becomes the operation. Instead ol reaming such holes, the tools shown 
In Fig. 22 are used In this shop. It will at once be seen that the opera- 
tion la that of compressing tbe metal In tbe sides of the hole, until It 
has been enlarged to the finished size. The tool is drawn through 
the work. Each of tbe rounded rings or beads Is a little larger than 
Its predecessor, thus gradually compressing the metal the desired 
amount. The finished hole springs to a size smaller by some lew 
thousandths than the diameter of tbe largest ring on tbe tool, so thai 
the size of the latter has to be determined by experiment. This allow- 
ance varies allghtly also, as may be Imagined, with the thickness ol 
the wall of metal being pressed. In such a part as that shown In Fig. 
12, for instance, after drawing through the sizing tool In the broach- 
ing machine, it will be found that the hole will be somewhat larger In 
tbe large diameter of tbe work than in the hubs. It has been found 
that this diSerence In size can be practically avoided by passing the 
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sizing tool through the work three or four times. Few pieces of this 
kind are found, however. The operation is a rapid one aa compared 
with reaming. 

An Adaptable Lapplns MachiDO 

The machine shown In Fig. 24 was built mainlr in tbe factory, um 

being made, however, of the adjustable columns ot a Taylor ft Fenn 



Fiffr 24. Mftcblns for drculKT luid Square LftpplnA Opflmtloiia 

sensitive drill press. This special machine Is Intended for lapping 
out the square holes of the drive, but Is provided also with a rotarr 
movement In addition to the vertical movement thus necessary, so bb 
to provide lor cylindrical lapping as well. The driving pulley at ttaa 
right gives the reciprocating motion, while tbe pulley at the left 
rotates tbe spindles through tbe medium of the regular geared speed 
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drive. The sprocket wheels shown, driven from the right, are loose 
on the driving Bhaft, and carry eccentrics whose rods are extended to 
torm racks engaging, through a suitable clutch connection, the pinion 
shafts by which the spindle quills are fed up and down. It is thus 
possible to give a rotating and reciprocating movement to the spindles. 
either together or separately. 

Separating Piston Blnss 

Another milling operation Is shown in Pig. 25. It Is a common 

practice to make piston rings on an automatic machine specially 

rigged up for the purpose, separating the rings from the finished 

casting by means of a series of parting or cutting on tools, each of 



which is set a little in advance of the other so that the rings will 
cut off In regular succession. The parting tool, however, especially 
when used In severing cast Iron work like this, having an eccentric 
bore, leaves a considerable burr. In the method of severing the rings 
shown here, the eccentric cylinder la first finished complete on the 
turret machine. Then It Is mounted on an internal expansion chuck 
on the faceplate of the cylindrical attachment of the Becker vertical 
milling machine, as shown. This chuck Is provided with clearance 
grooves for the gang of saws shown In the engraving. These are sunk 
into the cylinder, and then the work is rapidly revolved, cutting out 
the eight rings at once. The saws are permanently mounted on their 
arbor, with separating collars ground to the proper thickness. 

Eiamples or Fixtures Used for Drill-press Operations 

The drilling department seems unnsually small, when compared 

with the size of the whole plant, and gives the appearance of t>elng 

worked at high pressure. The large output required Is evidently 

maintained by the universal use of highly developed Jigs for all 
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manufacturing operations. Multiple bp indie drill preeeea are ueed 
to almost the entire exclusion of tbe alngle Bplndle type. 

Pig. 26 is interesting as showing the development of the jig for a 
comparatively simple operation — that of drilling the cotter pin hole 
In a headed cylindrical etud. In the first apparatus employed (not 
shown) tbe stud was pushed Into a hole up to Its head, and held 
there by a lever, one piece being done at a time. This rigging bad 
two faults. One piece at a time is held, and trouble with chips and 
burrs was eicpertenced, as might be Imagined. An Improvement on 
this device is shown in the two Jigs at tbe right, where a base with 
a set of V's Is provided in which several of the pins may be placed, 
their heads being pressed up against tbe end of the V-block by 



y\g. 39 Intereslinff Drill Jiffs ftiT a Simple OparftHon 

Springs. The cover being clamped down on the work, tbe parts are 
thus held for the drilling operation. This, however, was not quite 
easy enough to clean to suit the ideas of tbe tool designer, so the 
flxture shown at the left was used for the next tool of this kind that 
had to be made. Here hinged aides are used Instead of springs as 
In the previous case. These sides fold up and press the beads of tbe 
work against the edges of the V-block. When they are turned down 
and the cover of the V-block is raised, the top surface of the V-block 
Is all clear, so that the presence of chips shows inexcusable careless- 
ness on the part of the operator. When the sides are folded up against 
the work and tbe cover is brought down, the latter, by means of 
wedge surfaces, presses the sides in, holding tbe heads of the work 
firmly In place and clamping ttaem down on tbe V-block at the same 

The ]lg shown at work in Fig. 27 Is used for drilling and reaming 
the connecting-rod holes. It is of the "four-legged table" variety, with 
suitable clamps and book bolts tor taking the strain of tbe cut with- 
out permitting noticeable defiection and consequent inaccuracy In tKa 
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work. A feature of the construction which is, perhaps, old enough, 
but probably new to many, la the provision made for both drilling and 
reaming with a died bushing, thus avoiding the use of Blip bushings 
of different diameters. For drilling, the Jig is used as shown In the 
engraving, with the work clamped beneath the plate and the Jig bush- 



ings above, guiding the drills. For reamlDg. the Jig is reversed and 
a reamer Is used having a. pilot, which passes through the work Into 
the Jig bushlDg (now on the under side of the plate) b; which it is 
guided. 

Fig. 2S shows what is by long odds thR largest aggregation of auto- 
matic chucking machines the writer has ever seen. There are thirty- 
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one or the Potter ft Johnston type. Practicallr every turned part not 
made In the Ecrew machine from the haf Is produced on these ma- 
chines. That old Btandb^r. the engine lathe, appears to be about the 
rarest machine tool In the shop. 

Pig. S9 shows a section of the engine assembling room. It will be 
noted that machine tools are fev and far between, the only ones in 



Fig- S9, Tta« EtaiBlnfl AsBflmbUn^ DspKrlmeut 

sight being a drill press, speed lathe, and two or three grinding stands 
for sharpening toola. This shows that the manufacturing operations 
have been performed with great exactnesB. The question of assembly 
la simpl]' one of bolting and screwing the separate parts together. 
The engines here shown are of the tour- and six-cylinder type. The 
overhead trolley lines should be noted. 
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CHAPTER III 



MANtTPACTUEING AUTOMOBILE ■ 
EQUALIZING- GBAE8* 

Tbe present cbapter deals wtth operations which do not present 
any especially unusual or spectacular features, yet they have a valtie 
derived from the fact that they are closely related to the operations 
which produce the bulk of the product of the machine shops of the 
country; tor that reason they should attract the attention of mechanics 
interested In accurate and economical work. The operations tor mak- 
ing a complete, compact machine unlt^a differential or equalizing gear 
for automobile use. Is described from beginning to end. Tbe com- 
pleteness of the Job gives It a suggeBtlve value that would not be 



offered by a series" of miscellaneous operations, however Interesting, 
The value of this description, however, does not depend on Its com- 
pleteness alone, as many of the specific shop operations give evidence 
of a high degree of manufacturing ability. 

Description of the Equalizing Gear 

Figs. 30, 31 and 32 show assembled, dismantled and detail views, 
respectively, of an equalizing or differential gear, designed by Mr. A. A. 
Fuller, of the Providence Engineering Works. Providence, R. I. The 
determining feature of this design is the nepesslty for getting a maxi- 
mum of strength and effectiveness In a minimum of space— coupled, 

• MiCHiNEBi, DeeembBr, 1900. 
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of couree, nith reasonable cost of manufacture. This problem was 
attacked by eclentiflc analysle. It was posBlble, wltbout great diffi- 
culty, to obtain reasonable etrength in the casing which contains the 
equalizing gearing. The crucial point was In the design of the equal- 
izing gears themselves. In determining the proportions of the gears, 
curves were drawn showing the strength of the teeth for lay-outs of 
varying pitch and number of teeth, arranged to be contained within 
a casing of a given diameter. The strength and bearing area of the 
pivots, and the strength of the pinions as limited by the thickness 
of the shell between the bottom of the tooth and the bore, bad also to 
be reckoned with. The tooth shapes were not confined to standard 
tomts, but various pressure angles and heights dt addendum were 




Investigated. By comparing the curves for various possible designs, 
a certain pitch, number of teeth and shape of tooth for the varlauB 
gears were found for each diameter of casing, so proportioned that 
if any of the dimensions were changed, the mechanism became wealter 
instead of stronger. These proportions, worked into a design satis- 
factory in other particulars, have been adopted as standard, and the 
makers feel confident that it Is Impossible to enclose In the same 
space gears of greater strength than they are offering In the design illus- 
trated herewith. As this confidence is based on mathematical calcu- 
lations and has been further tested by many months of experience, it 
seems reasonable that they should hold to It. 

Referring particularly to Fig, 32, the mechanism is conUlned within 
case B and covers A and A'. It revolves In the rear axle gear casing 
on ball bearings, mounted at the ends of casings A and a; and the 
driving bevel gear Is carried on the periphery of case B, to which it 
Is clamped by hexagon-bead screws H. The pivots B are riveted Into 
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the flaDgee of covers A and A', three In one side and three In the other. 
These pivots carry pinlonB F and F' meshing with g;ear8 C and 0"; the 
latter ran in hronze huahinga D and D' torced Into the two covers, and 
are provided with hroached square holes by which the floating wheel 
shafts are driven. As will be seen In Fig. 31 In connection with 
Fig. 32, gear C meshes with pinion f", which also meshcB with pinion 
F, the latter In turn engegtng gear C. Thus, when gear C Is turned, 
gear C Is revolved In the opposite direction, and vice vena, thus form- 
ing a spur gear differential mechanism. 

Attention ma; be called to some of the features *hich make tor 
strength In this design. It will he seen, for Instance, tlat the gears 
have teeth of special shape and of ver; coarse pitch and few numbers 
of teeth. The pinions have eight teeth and the gears sixteen each. In 



designing the mechanism by analysis, as described, it was found that 
this construction was necessary tor strength. Older designs ot this 
kind, more commonly met with. In which the pinions are smaller In 
proportion to the gears, have repeatedly proved their weakness by 
breakage. 

Mention should also be made of the solid way in which the parts 
composing the casing are fastened together. The casing B is provided 
with tongues locking Into the grooves cut In covers A, so that the strain 
of transmission Is taken on these interlocking memljera and Is not 
taken hy the bolts, dowel pins or similar parts. So far as this tor- 
sional strain Is concerned, the casing Is as strong as If It were made 
of solid metal — an impossible construction, of course. Through bolts 
and nuts O and O* clamp the whole casing firmly together. 

The proper meshing of the bevel gears can be controlled hy shifting 
the whole casing azially In Its bearings. Nuts are mounted, tor this 
purpose, one on the threaded diameter of A and the other at the same 
point on A'. By loosening one and tightening the otber the teeth of the 
gears can be brought more closely into contact, or vice versa. 

The provisions tor oiling should be noted. The casing on the rear 
axle Is provided with a bath ot oil In which the bevel gears run. Three 
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holea cut in the exterior of B (not shown in Fig. 31, but visible in tlie 
detail views of tbe operations In Fig. 33. and at the rigbt of Fig. 34, 
where these hoies are being drilled) admit oil from this bath Into the 
Interior spur gears. Pivots E and pinions F are grooved, as are also 
gears C and C permitting a flow of oil through the whole structure, kept 
in constant motion through the revolving of the parts. 

In describing the manufaclure of this device we will take up each 
part In turn. Tbe manufacture of the bevel gears will not be described 
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in detail, as their design is determined by the maker of the car in whliA 
the device is to be Installed. The first part to be considered will be 
the gear case, shown at B in Fig. 32. 

Operations In the Manufacture of the Qear Case 

The case is made from a malleable Iron casting on which tbe Qral 

operation, naturally, Is that ot snagging to remove fins, gates, etc. The 

second operation Is performed In the Jones & Lamson flat turret lathe, 

of which large use is made In this shop. The casting is placed In the 
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cbuck of the machine wltb the flange outward. Id this operation the 
hole is Qnlshed to size, the flange is turned, and the projecting end la 
raced. The regular equipment Ie used for tbis purpose, the only apeclal 
tools being gages for the Inside diameter of the hole and the outside 
diameter of the flange. 

In the third operation, performed in the same machine, the part Is 
grasped by the finiabed flange in special soft chuck Jaws, which have 
been turned in place to fit the diameter they are to receive. This gives 
assurance that the work done In this operation will be true, within 
reasonable limits, with tiie cuts previously taken. Regular flat turret 
lathe equipment is used tor this operation as well, suitable gages ot 
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simple construction being provided. The next operation, shown at the 
right of Fig. 34, is drilling the three holes which admit oil to the Inter- 
ior of the case. This Jig Is ot the simplest possible construction, con- 
sisting ot a knee wltb a turned seat on which Che work is placed, and an 
overhanging lug carrying a drill bushing. A clamp provides for holding 
the work, and a plug, entering a suitably located bole in the seat, pro- 
vides means for indexing the second and third boles drilled, from the 
one previously completed. The other operation shown In this engrav- 
ing will be described later on. 

The tongues which Interlock with the grooves In covers A. and A' (see 
Pig. 32) have next to be milled. The fixture for doing this is showu 
In use in Fig, 33. It consists ot a base provided n ith an Index plate and 
a revolving table, by means ot which the work may be indexed step by 
step to cut the various tongues. These are shaped by straddle mills 
which form the opposite sides of the tongues parallel, so that they flt 
Into corresponding grooves milled into the covers by a straight-sided 
cutter. In the operation Illustrated, tongues have been cut on one side 
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or the casing, which Ib located In Its seat In the fixture bj the Inter- 
locking of these tongues with grooves provided to receive them aa 
shown. This assures alignment ot the cute on each edge of the case. In 
the first operation the uncut edge of the work Is limply set down onto 



this seat. It Is held down by three clamps, provided with noses which 
enter the three boles drilled to admit oil to the interior of the mechan- 

:o see the expertness with which the operator cuts 
The automatic feed Is set at the highest point. 
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practicable wben cutting the full deptb. Aa tbla would be less than 
the maximum possible when the cutter 1b entering tbe work, be begins 
with a hand-feed at a considerably higher rate, tbrowlng In the auto- 
matic feed when the cutter gets down to work. Although tbe machine 
Is of modem construction, the workman feeds In all the belt can 
handle. The gear casing is now complete except for certain opera- 
tions performed on It In assembling, as deeerlbed later. 

Operations on the Gear Case Cover 

Tbe gear case covers are made from machine steel drop foldings. 

After the snagging, the first operation is the simple one of putting 

a 1^-inch hole through the center of the forglngs.- This is a drill 

press operation and Is merely done to remove stock, it being, of 
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course, impracticable to form the bole in the forging. It is next 
clamped by the rtm with the hub projecting, in the chuck of the fiat 
turret lathe. This first turret lathe operation is shown In Pigs. 35 
and 37, the latter diagram indicating the arrangement of the tools. 

The first cut is shown at A. An outside turning and boring tool, 
acting in conjunction, rough turns the hub and rough bores the hole. 
At the next station, B, three tools simultaneously face the end of the 
hub and the two surfaces of the flange. Two cuts are taken with 
these, one for roughing and one for finishing. A third cut is taken 
with the same tools fed axlally against the work to form the two 
grooves in the face of the flange, as most plainly shown in Fig. 32. 
At the third station 0, anpther turning tool removes the stock on two 
diameters of the hub, two cuts being taken. At i> a finishing cut is 
taken over tbe smaller diameter, while at £ a form tool shapes that 
portion of the hub extending from the threaded diameter to the flange. 
This operation is completed in about 18 minutes. 
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Id the second operation (see Pigs. 36 snd 38), the completed end 
of the piece is grasped in aoft Jawa turned to flt the surface they srasp, 
aasuring true running of the surtaccB made in the two operations. 
The tool at A bores out the large diameter of the hole, which Is tor 
clearance only. The. reamer at B finishes the small diameter to size. 
The tool at C faces the flange, taking two cuts, one to rough out 
stock and the second to bring it to size. A flat-nosed tool at D flntabes 
the flange. The tool at E rougha out the counterbore, while that at 
F finishes It. This latter tool is fed directly In, boring the diameter 
of the counterbore to size until the bottom Is reached, when tlie elid- 
ing head Is fed outward, so tbat the same tool faces the ttottom of 



the counterbore. The finishing le thus done by turning cuts Instead 
of forming cuts, giving a higher degree of accuracy. Wort of tbie 
kind EhowB the flat turret lathe to very good advantage. In the lay- 
out of tools shown in Figs. 37 and 38, there were probably no apecial 
tools of any kind required, with the exception of the form tool E, 
tbe rest being stock turning tools of the kind which form the regular 
equipment of the machine. It may have been necessary In BOme 
cases to give the tool a knock of tbe hammer on the blacksmith's anvil 
to bend It in one direction or the other, but nothing more would be 
needed. The croBs eliding head and the multiple stops come into 
play in sucb operations as those at B and C in Fig. 37, and F in Pig. 
38, giving each separate tool a wide range, ot uaefulness, especially 
wben it is so made that It can be used for both turning and facing 
]obs. 

Of couree there are all sorts of opinions about sucb matters, bat 
in the question of hand versus automatic machines, this companj 
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believes that the conditions favor the use of the hand turret lathe 
IQ Us worlc. The simplicity ot the toollDg Is an Important factor on 
contract work. The management can never be aure ot the long con- 
tinuance of any Job, eo that anything approaching costliness or elabor- 
ation Is prohibited. Furthermore, It is reasonably certain that one 
hand machine will turn out more work than one automatic, particu- 
larly when, as in this shop, there is an Inducement, such as the 
premium system, for the workman to get the very most out of bis 
machine. He Is constantly changing his feeds and speeds as the 
varying diameters, depth of the cut and condition of the tool require. 
He Is thus able to take heavier cuts without Injuring bla cutting 
edges than would be possible without constant personal supervision. 



Probably three or four cbanges are made In each operation to one 
that would be made on an automatic machine. As auotber advantage, 
this greater production of the machine means a much less capital 
outlay per dollar, of output. 

It certainly does keep the operator busy to get the most out ot one 
ot these lathes. There Is no possibility ot bis running more than one 
machine, on this paTtlcular work at least. Cuts are taken very 
rapidly and changes ot feed and speed follow each other In constant 
succession. There Is a line of demarkatlon at the point where the 
intensity of production on the part ot the band machine and the 
lower capital charge on machines, buildings, stock, etc., balance the 
higher output per man and the consequent lessened labor coat for the 
automatic machines. In accordance with their judgment, some shop 
managers will draw the line at one point and some at another. It 
Is fortunate for the builders ot both types that all men do not come to 
tbp Fame conclusion when reasoning from the same premises. 
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Id Fig. 39 the milling machine is ehown rigged up to cut the driving 
Blots In a pair of the gear case covers. The two are mounted together 
face to face on a special iron arlmr, having a driving tall caet Integ- 
rally with it in place of the usual separate dog. A tormed cutter is 
used which shapes the bottom of the slot to the true radius of the 
Inside diameter of the casing B (see Figs. 32 and 33) assuring a tight 
fit. This operation and that shown in Fig. 33 have to be done to close 
limits with good Indexing plates, onl7 0.001 inch variation being 
allowed on the thickness of the slot and the tongue. This means 
that in order to make a good fit the dividing must be very accurate. 
In the cases the writer has seen assembled, these parts drove together 
with a very little gentle urging from a lead hammer. Not much of 




anything else seemed to be required. In Fig. 40 la shown a Jig tor 
drilling the bolt and pivot holes in the gear covers. It is of simple 
constTuctiou, the cover being supported on four legs and located by 
a central spindle over which It la dropped and by which It is clamped, 
an open side collar and nut being used as shown. The bushing plate 
set over the work is located to bring the holes in right relation with 
the slots, by a tongue entering the latter. In the next operation the 
covers are mounted on a special faceplate, as shown in Fig. 41. This 
faceplate is surfaced true In place and Is provided with an expansion 
mandrel centered Integrally with It. The gear case Is slipped on over 
this mandrel and tightened In place by turning on a wedge screw. 
While thus held the countersink in the outer end of the huh, the seat 
for the ball bearing, and the threaded diameter are turned. The 
thread Is also cut. This is done by the Rivett-Dock threading tool, 
shown in operation. These operations of countersinking, turning and 
threading, altogether, average about eight minutes time for each 
place. When the turning was in progress, the writer timed the lathe 
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BDd found It was making Z&O revolutiooa per minute, wlilcfa gives 
about 150 auTtace feet per minute for the cutting speed. 

A fixture and mill of obvloua conatruction are used for cutting the 
keyway by which the luner race of the ball-bearing is made fast to 
the hub. 

Equalizing Plntone, Studs and Oeare 

Studs B, Fig. 32, are made on the Gridley automatic turret lathe with 
the regular tools and equipment, the lob being, of course, one of the 
everyday variety for tbla machine. Oil grooves are milled, and then 
the burra are removed by hand. The equalizing plniona are drilled, 
reamed and turned on the flat turret lathe. The ends are squared 
accurately to length In tUe engine lathe. 



n^, 41- ThrsuUnff Ilia o«Br Caaa OoT«r« witb a niTeu- Dock ThrvAdlflfT Too] 

The equallztug gears are cut on to length from the bar atock (all 
geara and piuloua are made of chrome-nickel ateel) and are bored, 
reamed, faced and Qlleted at the large end in the Jones A Lamson 
machine. The hole is reamed accurately to size so as to furnlafa a 
guide for the broach In forming a square hole. This Is done on the 
La Polnte machine at a single pass of the broach, which is a long 
one, having some 24 Inches or thereabouts of cutting length. The 
outside surfaces of the gear are then rough turned on a square expan- 
sion chuck Bomewhat similar to that shown in Fig. 41 for the gear 
ease cover, except, of course, that it is mounted on a square surface 
instead of a round one. In the next operation it Is finish turned 
all over. 

The ?pur gears and pinions are cut In a triple head indexing device 
which Is one of the standard attachments on the Brown A Sharpe 
milling machine. Three cutters operate on three gangs of work 
Bimultaneously. By giving apecial shapes to the gears and by being 
very careFuI, both In centering the cutters and setting them to the 
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proper depth, flrst-claes results have been obtained — better than are 
needed in fact, sines normally these gears are Btationary or nearly 
so, being in operation only when rounding corners, In the caBe ot a 
deflated tire on one side, or the slipping of a wheel In the mud. After 
removing the burrs by file and reamer, the gears and pinions are 
hardened by the regular process recommended by the makers of the 
steel (the Carpenter Steel Co.), with such modlflcations as the black- 
smith of tbe shop has found advisable. 

The equallElng gear bushings D and D', Fig. 32, are cut from a bronze 
bar in the Oat turret lathe, being turned and bored complete to size. 
A stack of them are placed on the Mitts £ Merrill keyseater for cut- 
ting the Internal oil grooves. The radial oil groove is cut on the 




Interesting tool shown in Fig. 42. This device is a modiflcatton of 
the principle used In attachments for slotting screws with a saw 
held in the speed lathe. The knurled handle shown controls three 
motions. By screwing It in or out the bushing la tightened or released 
in the Jaws by which It is held. Tripping it up or down drops the 
bushing away from or brings it up toward the revolving cutter, while 
springing It to one side brings the bushing out from under the cutter 
where It can be removed without Interference. A wire finger locates 
the work with relation to the internal groove previously cut. 
Assembling 
The operation of assembling the parts to make the complete mechan- 
ism Includes some operations worthy ot notice. In Pig. 43 is a case 
asserabled with its two covers, and dropped into a cast-iron reaming 
siand, where it is held from revolving by the projecting pin shown, 
which enters one ot the three holes in its periphery. A line reamer is 
used, giving asEurance that the two hearings In each cover will be 
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true with each other. After this line reamins the covers are marked, 
numbered and burred so that the same parts will be reassembled 
together. 

Studs B are next riveted to the covers, three on one side and three 
on the other, a band hammer being used for this purpose. The ends 
of the rivets are cupped to facilitate this operation. The pinions are 
assembled on the studs, three on each side. The bushings are pressed 



Into the covers under the arbor press, and burred. The equalizing 
gears. C and C" are dropped into place and the whole structure is then 
assembled. A square wrench Inserted through the bore into the 
squared hole In C. permits the gears to turn until they are all en- 
gaged. Three bolts and nuts O and G' are now passed through, bind- 
ing the whole solidlf together. 

It is of extreme Importance In the quiet running o[ an automobile 
that the bevel gears run true. For thls-purpose the bevel gear seat 
on the outside diameter of the casing Is not finish turned until It 
has been assembled as described. To do this, the mecbanism la 
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mounted on the latbe on large centers, bearing on tbe countersinks 
in A and A'. .Tbese counterelnkB, being formed In tbe same operation 
with the ball bearing seats and the threads, are true with them. After 
this turning and facing, a ]<g fitting on this accurate seat la used for 
drilling the flange holes through which screws H pass to fasten the 
bevel gear to the casing. 

Tbe gear is pressed Into place In Its seat by a simple contrivance 
which illustrates the demand for conveniences created bj the prem- 
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lum syslem. On the bench In front of the workman is a caat-iron 
seat (Fig. 44) in which the bevel gear la placed face downward. The 
complete differential mechanism is then placed over tbe gear In a 
position to be forced down Into it. The workman now reaches up 
above his head and brings down the hand-wbeel, clamping screw and 
clamp shown, which is suspended by a counterweight so aa to move 
freely up and down and remain stationary in any position. Entering 
the screw In the nut in the base of the device and turning the hand- 
wheel, forces the casing down into the gear and thus completes the 
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assembling. The tap bolts are now put In and are wired through 
holes drilled through their beads, to prevent them from turning. Thta 
completes the making o( the equalizing gear. 

A Qood Tapping Record 
While the making of the bevel gear has not been described, It win 
not do to pass over one of the operations met with. ThU is the opera- 
tion of tapping the holes bj which the gear Is held to the Qange. 
These holes are 5-16 Inch In diameter and 13-16 Inch deep and are 
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blind, being tapped to a bottom and not through. The tapping is 
done in a Cincinnati drill press (Fig. 45), using an Errlngton friction 
'chuck. Tapping In chrome-nickel steel by power Is, It will be agreed, 
no "fool of a Job." One of the difflcultles met with Is the tendency 
of the metal to seize the tap and break it when backing out. 

The operator shown broke many taps in becoming familiar with Ms 
Job, but since he has gotten into the swing ol it, he has tapped 76,000 
of these blind holes In cbrome-nickel steel without breaking a tap. i 
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The credit of tbia record must be divided between the man,' the ma- 
chine, the chuck and the tap, but there Is enough to make a respectable 
showing for all (our. Thd operator's Increase of efflciency wag obtained 
with practically no change In the tools or methoda, being due simply 
to the training ot his Judgment In the leeling ot the tap. and in the 
uH ot excellent tools. It might be said that a Arm ot the highest 




Pig, 






reputation for accuracy and for skill In manufacturing had asked 
ten cents a hole (or the job. ■ This operator runs two taps In each 
of the twelve holes In a gear, twenty-four holes in all, Id from 15 to 
is minutes. 

Tests on the Finished Casings 
Of course, the object that was aimed at In designing these equaliz- 
ing gears for sale to manufacturers of automobiles, was to give ihem 
such strength that some other part of the machine would break first. 
In order to find out whether or no this result had been obtained a 
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number of teats were made in the laboratory of tbe englneerlnE school 
ot Brown Unlvereltr. In Fig. 4S the casing is shown as mounted Id 
brackets for a torsion teat, the power being applied through 1-Inch, 
3U per cent nlckel-steet shafts, specfallj treated. These failed at 
20,300 inch-pounds, twisting through 800 degrees before rupture. Sam- 
Vles ot broken shafts are shown In Pig, 47, and give some Idea, in 
combination with the figures Just given, ol the excellence of the ma- 
terial used In these shafts. No damage of any kind was found Inside 
the gear casing, the mechanism being unbroken and running as easily 
and smoothtj' as before. 
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